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This report presents an approach to deriving target clean-up
levels for chemotoxic contaminants 1n soils at the Solar Evap-

oration Ponds at the Rocky Flats Plant. The results of this

assessment will be used to evaluate and select the manner in
which contaminated soils will be managed during closure of the
ponds under RCRA. The general approach involves four basic
steps: the identification of site contaminants, an exposure
assessment, a toxicity assessment, and the determination of
clean-up levels.

Sampling data from all media which may have become contaminated
through prior disposal activities at the site were reviewed to-
identify potential site contaminants. The 58 chemicals re-
ported in these samples were screened to select the site con-

“taminants for which "clean-up levels would be derived. Those

inorganics and - chemotoxic radionuclides that were reported in
solar pond soil samples above background concentrations, and
all organic compounds that were reported in site-assoclated
media were considered to be site contaminants. A total of 35

site contaminants were identified.

The clean-up levels were derived based on a hypothetical future
scenario, that of an individual who lives at the site for a 70-
year lifetime. The resident 1s assumed to be exposed to site
contaminants through five exposure routes: incidental soill in-
gestion, vegetable ingestion, dermal contact with soil, the in-
halation of airborne contaminated soil, and the inhalation of

vapors.

Initially, clean-up levels were determined based on the assump-
tion that all 35 site contaminants could be present at a given
location. Target soil concentrations were derived for both the

noncarcinogenic and carcinogenic site contaminants based on

--nencarcinogenic——risk;—using-a-clean-up -goal-of a hazard index

ES-1
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~of one, and for the carcinogenic site contaminants based on.a .

goal of a one in one million (10_6) lifetime total cancer
risk. The lowest clean-up concentration calculated for each
carcinogen was chosen as the final target clean—up
concentration for the chemical. The approach to deriving
clean-up levels involves the determination of risk-based soil
concentrations for each contaminant for each of the five
potential exposure routes. The exposure route-specific soil
concentrations are then used to derive risk-based clean-up

levels for all exposure routes combined.

Because it is unlikely that all 35 site contaminants are pre-
sent throughout the soils beneath and surrounding the solar
ponds, an approach to deriving location-specific clean-up lev-
els is presented. The appfoaéh involves a modification of the
clean—-up levels that were derived based on all 35 site contam-—

inants, adjusting for the number of contaminants at a given lo-
cation. Other factors which could affect clean-up levels at a

given location are also discussed.

ES-2
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- DERIVATION OF TARGET-CLEAN-UP-_LEVELS.-FOR-SOILS AT -

THE SOLAR EVAPORATION PONDS

SECTION 1.0

INTRODUCTION

1.1 BACKGROUND

To support the development and evaluation of remedial alterna-
tives for contaminated soils at the Solar Evaporation Ponds at
the Rocky Flats Plant, remediation criteria (target clean-up
levels) were derived for nonradiological contaminants in the
soll that may pose potential human health risks.

The July 1, 1988 closure plan assumes closure of the ponds as a
landfill utilizing a cap to cover contaminated soil areas. The

extent of the cap was determined by the completed site charac-
terization study presented in Appendix 6 of the closure plan
(DOE, 1988). Closing the solar ponds as a landfill with con-
taminated soil results in a unit which will require long-term
institutional controls at the source area. These controls
would be required after the groundwater corrective action 1is
complete. A remedial action for the solar pond area soils,
such as removal, would allow for a "clean" closure of the
source and, therefore, would eliminate the need for capping and
long-term controls required for "dirty" closure. However, pur-
suant to RCRA closure reguiations for surface impoundments [40
CFR (Code of Federal Regulations) 264.228(a) (1)], all contami-
nated soils would have to be removed. This may prove to be

impractical at the solar ponds.

In order to make the closure consistent with remediation of

CERCLA sites at the Rocky Flats Plant, it is proposed that the

8337B
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— closure-performance-standards- for the soil -remedial—action be-

established by a risk-based process, which is discussed herein.
The risk-based process would be conducted to establish allow-
able soil concentrations that are protective of human health

‘through all plausible routes of human exposure. Soil remedial

actions for closure of the solar pond source areas would be
targeted at achieving these risk-based closure performance stan-
ards. This approach is also consistent with the closure per-
formance standard presented in 40 CFR 264.111(b), which states
that closure must minimize or eliminate, to the extent neces-
sary to protect human health and the environment, any post-
closure escape of hazardous constituents.

Section 121 of CERCLA, as amended by SARA, requires that reme-
dial actions of Superfund sites comply with applicable or rele-
vant and appropriate requirements (ARARs) of Federal laws and

‘more stringent, promulgated state laws. No Federal soil ARARs
" are available, nor have any soil clean-up objectives been estab-

lished by the Colorado Department of Health. Consequently,
remediation criteria or target clean-up levels were derived
using risk-based techniques.

The approach proposed herein to establish clean-up levels at-
tempts to provide an organized and technically defensible pro-
cess for establishing clean-up levels in soil which will ensure
that potential receptors are afforded an acceptable level of
protection. The Solar Pond Closure Plan, dated July 1, 1988,
could be modified to include the recommendations of this risk-
based assessment, with the existing capping alternative re-
served as the contingency plan for closure in the event that
further evaluations indicate that closure without a cap is not
possible or practical.

8337B



1.2 SITE DESCRIPTION AND HISTORY . . . .. . . R

The Rocky Flats Plant is located in northern Jefferson County,
Colorado, approximately 16 miles northwest of Denver (Figure

.1-1). Major buildings are located within the plant security
area of approximately 400 acres. The security area is sur-
rounded by a buffer zone of approximately 6,150 acres. This

report addresses the solar evaporation ponds which are located
on the north side of the perimeter security zone (PSZ) at the
Rocky Flats Plant. There are three solar evaporation ponds
designated as 207-A, 207-B, (divided into north, center, and
south sections), and 207-C (Figure 1-1).

The original solar evaporation pond consisted of a single clay-
lined impoundment constructed in December 1953 in the vicinity
of the existing Pond 207-C. The clay-lined pond had two con-

tainments measuring 100 by 200 feet and 200 by 200 feet, re-

‘spectively, and was operated with both one and two cells until
1956 when its regular use was discontinued. However, at least
one of the two cells held liquids at least once since 1963.
This pond was removed in 1970 when existing Pond 207-C was con-
structed.

Pond 207-A was placed in service in August 1956. The pond was
originally lined with asphalt planking approximately one-half
inch thick. Ponds 207-B North, Center, and South were placed
in service in June 1960. These ponds were also lined with
asphalt planking. Pond 207-C was placed in service in December
13970. The original 1lining is presumed to be the existing
lining. Modifications to the ponds' linings have been made
since the original construction because of cracking and
slumping of the existing linings and leakage of the pond con-
tents. ©Pond 207-A and the three 207-B ponds have been relined
at least one time each. No records were located which indi-
cated that Pond 207-C has been relined (DOE, 1988).

8337B
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~During their period of operation, the solar -evaporation--ponds- -~~~ 7

have received high nitrate, low-level radicactive process waste,
and treated aluminum hydroxide waste. In addition, the solar
evaporation ponds have received sanitary sewage sludge, lithium
metal, sodium nitrate, ferric chloride, lithium chleride, sul-
furic acid, ammonium persulfate, hydrochloric acid, nitric
acid, hexavalent chromium, and cyanide solutions. To the
extent possible, oils and solvents were not sent to the ponds
so that surface scum would not hamper evaporation (DOE, 1987) .

1.3 GENERAL APPROACH

The approach to the derivation of target clean-up levels for
soils at the solar evaporation ponds consists of four main
steps. . These steps are briefly described below.

~Identification of Sitée Contaminants

Recent sampling data are reviewed for all media which may have
been impacted by contaminants from the solar evaporation ponds
and potential site-associated chemicals are identified. The
concentrations of chemicals reported in solar pond soils are
compared with background concentrations. All potentially toxic
chemicals which were reported above background and/or whose
presence may otherwise be assoclated with previous disposal ac-
tivities at the ponds are considered to be site contaminants.

Exposure Assessment

An exposure scenario 1is created which characterizes potential
human receptors. Possible routes of exposure to contaminants
are identified for these receptors.

83378



S £

[P

CToxicity ASSEeSSMeNnt.

Available U.S. EPA toxicity values (reference doses and carcin-
ogenic potency factors) are identified for the site contami-

.nants. Toxicity values are derived for chemicals when such

values are unavailable.

Determination of Clean-Up Levels

Soil clean-up levels are derived based on the potential expo-
sure routes 1identified in the Exposure Assessment and the
toxicity values identified in the Toxicity Assessment.
Clean-up levels are developed based on both carcinogenic and
noncarcinogenic health effects taking into account the possible
additive toxic effects of the site contaminants.

The following sections (Sections 2 through 5) address these =
~four StEpS, respective'ly‘. oo T

8337B
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_SECTION 2.0

IDENTIFICATION OF SITE CONTAMINANTS

In this evaluation, all chemicals which may have been associated

with previous disposal activities at the solar evaporation ponds
and are associated with potential nonradiologic toxic effects
are considered to be site contaminants. Although final target
clean-up levels are not being determined for radionuclides at
this time, the noncarcinogenic toxic properties of the radionu-
clides were considered in determining clean-up levels for the
other nonradiological contaminants.

Because soil and groundwater samples could not be collected di-

rectly under the ponds, sampling data collected during 1987-
1989 from media which may have been impacted by chemicals dis-
~posed in the ponds- were-reviewed to determine -the potential’
.site~associated chemicals (U.S. DOE, 1988; -Volume 2, this docu-
ment). The sampled media included sludge and sediments from

i %

Rt

the ponds, soil from the berms surrounding the ponds, and
i downgradient groundwater. The 58 chemicals that were identi-
fied in these samples are listed in Table 2-1.

Because this evaluation 1is concerned with determining soil
clean-up levels for site-related contaminants only, the re-

g ported chemicals were screened to determine which chemicals may
have been present as a result of previous disposal activities
at the site. It was conservatively assumed that all of the
organics reported in site-associated samples were site conta-
minants, even if they were not detected in soil samples collec-
ted around the ponds. Only five organic compounds (acetone,
bis(2-ethylhexyl)phthalate, 2-butanone, ethylbenzene, methylene
chloride, and toluene) were reported in samples from the soils
surrounding the solar ponds. All but ethylbenzene and toluene
were also reported in blanks. Because it is possible that the
_organics that were reported.in site-related-media (€+g:s—down—— -

2-1
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Table 2-1

Chemicals Reported in Soil, Sludge, Sediment, and/or Ground-
water Samples Associated with the Solar Evaporation Ponds

ical species were not identified.

8337B

Organics Inorganics?
Acetone Aluminum
Bis(2-ethylhexyl)phthalate Antimony
2-Butanone Arsenic
Carbon tetrachloride Barium
Chloroform Beryllium
1,1-Dichlorocethane Bicarbonate
1,2-Dichloroethane Cadmium
1,1-Dichloroethene Calcium
Ethylbenzene Chloride
Methylene chloride Chromium
Tetrachloroethene Cobalt
Toluene Copper
“1,1,1-Trichloroethane “Cyanide
1,2-Trichloroethane ~Iron
Trichloroethene Lead
Vinyl chloride Lithium
Magnesium
Manganese
Mercury
Molybdenum
Radionuclides Nickel
Nitrate-Nitrite (as N)
Americium 241 Phosphate
Cesium 137 Potassium
Plutonium 239, 240 Selenium
Radium 226 Silver
Radium 228 Sodium
Strontium 89, 90 Sulfate
Tritium Sulfide
Uranium 233, 234 Thallium
Uranium 235 Vanadium
Uranium 238 Zinc
1 The inorganics were assayed for as "total." Specific chem-
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____gradient groundwater) may be present beneath the ponds, and

because there were no background soils data available for
organics, all of the reported organic compounds were con-
sidered to be site contaminants.

The inorganics, which naturally occur in the environment, and
the radionuclides, were screened further. Only the inorganics
and radionuclides that were reported in the soil samples col-
lected around the solar ponds at concentrations that were above
background were considered to be site contaminants. On-site and
background samples were collected from the four general soil
types that are present at the solar pond site: alluvium, col-

luvium, claystone, and sandstone. The background samples were
collected from soils located in the plant buffer zone to the
southwest and northeast of the plant. Solar pond soils data

were available for all of the inorganics and radionuclides lis-

“ted in Table 2-1, with the exceptions of bicarbonate, chloride,

phosphate, ~and sulfate. ~ Background soils data were not avall-
able for these chemicals or for cyanide. The complete set of
soil sampling data, including the data for the inorganics, ra-
dionuclides, and organics, is presented in Volume 2 according
to soil type. Chemicals were analyzed in accordance with the
methodology presented in the quality assurance and control plan
for the plant restoration program (Rockwell International,
1989).

To determine which inorganics and radionuclides were above
background in solar pond soils, the maximum concentration re-
ported for each chemical in each solar pond soil type was first
compared with either the upper limit of the 95 percent tolerance
interval or the maximum concentration of the corresponding back-
ground soil type samples. It is appropriate to use the upper
limit of the 95 percent tolerance interval of the background
data for comparison only if a chemical is detected in 50 percent
or greater of the background samples. Therefore, if a chemical

83378
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~was. detected in fewer than 50 percent of the background samples,. . ... .

the maximum concentration of the <chemical reported in the
background samples was used for comparison. The 95 percent
tolerance interval represents a statistical range of concen-

trations that contains 95 percent of the population with 95

percent confidence, based on a normal data distribution. The
methodology used to calculate the upper limit of the tolerance
interval is described in Appendix A.

If the maximum concentration of a chemical in each soil type
were equal to or less than the upper limit of the 95 percent
tolerance interval/maximum concentration for the corresponding
background samples, the chemical was considered to be within
the background range and consequently was eliminated as a site
contaminant. The chemicals that were eliminated as a result of
this initial comparison with background were cesium, molybde-

num, silver, tin, radium 226, radium 228, and sulfide. Because

background data were unavailable for cyanide, it was retained
as a site contaminant. The background values that were used
for comparison are presented for the inorganics and radio-
nuclides by soil type in Appendix B, Tables B-1 through B-12.

Even if two data sets are taken from the same population, it is
possible for the maximum concentration of one data set to exceed
the upper limit of the 95 percent tolerance interval of the
second data set. Therefore, for those chemicals for which the
maximum on-site concentration exceeded the upper 95 percent
tolerance interval of the background data, other factors were
taken into consideration in deciding if the chemicals were above
background{ These factors, which are presented for the inor—
ganics and radionuclides by soil type in Appendix B, Tables B-1
through B-12, included the number of on-site samples that were
above background, the average concentration of the values that
were reported above background, and the maximum concentration
reported above Dbackground. On the basis of an evaluation

"”(i{éfTMWéighiﬁgY”éf“fhé%éhfébfdrS7Wthéw'fOIIOWing”ChemiCals'Wéréﬁw”"”"“M””

2-4
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~also eliminated as site contaminants: aluminum, _antimony,

cobalt, copper, magnesium, manganese, zinc, and uranium 235.

The chemicals that were considered to be above background in
.one or more soil types are listed in Appendix B, Table B-14. The
chemicals that were eliminated as site contaminants based on a
comparison with background are summarized in Table B-13. Table
B-13 also presents the specific reason(s) that each of the

chemicals was eliminated.

Although judged to be above background, several inorganic chem-
icals were eliminated from the final list of site contaminants
because they are assayed for primarily as general gquality indi-
cators, and because they are not, in general, of toxic concern
(i.e., their toxicity is very low). These inorganics were cal-
cium, potassium, and sodium. Bicarbonate, chloride, and phos-

phate, for which there weré no soils data, were eliminated from
the final 1list of ‘site contaminants for the same reason. ~Al-"

though iron, nitrate, and sulfate also have a low toxicity,
they were considered as site contaminants because they are more
toxic than the aforementioned chemicals and because of their
site history. Although relatively nontoxic compared with other
heavy metals, iron is potentially more toxic than the chemicals
that were eliminated based on low toxicity (i.e., calcium, so-
dium, etc.). Both nitrate and sulfate are sufficiently toxic
for their toxic effects to have been the primary basis for de-
veloping Maximum Contaminant Levels (MCLs) for drinking water
(primary MCL for nitrate, secondary MCL for sulfate). In addi-
tion, iron (as ferric chloride), nitrate (as sodium nitrate)
and sulfate-containing chemicals (sulfuric acid, ammonium per-
sulfate) were reportedly disposed in the ponds, and could,
therefore, be present at levels of concern in the soll beneath
the ponds.

Of the radionuclides, only uranium was considered as a site

--contaminant—at-this-time:—-As - stated in-the" -“introduct 10n",’thIS e

2-5
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- report-does-not address clean-up levels for radiologic contami-

nants based on radiotoxicity. However, the noncarcinogenic
health effects of radionuclides (i.e., chemotoxicity) are con-
sidered when determining clean-up levels for the nonradiologi-
cal noncarcinogenic site contaminants. Based on the surveyed
literature, of the radionuclides, only uranium has evidence of
chemotoxic health effects that are of potential concern, hav-
ing been associated with chemotoxicity to the kidneys (EPA,
1985a). Data concerning the possible chemotoxic health effects
of the other radionuclides that were reported above background
are lacking.

Finally, in addition to the organic chemicals detected in sam-
pled media, polycyclic aromatic hydrocarbons (PAHs) were also
considered to be site contaminants. PAHs were not reported
above detection 11m1ts in the soil samples that were collected
surroundlng the ponds ‘Nevertheless, because the solar ponds
were lined with asphalt and also received sanitary waste, it is
possible that some PAHs which are common contaminants of asphalt
and sewage, may have leached in to the soil beneath the ponds.
Target clean-up levels were, therefore, also determined for
PAHs.

The solar pond site contaminants for which soil clean—-up con-
centrations were developed are presented in Table 2-2.
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Table 2-2

Solar Pond Site Contaminants

Organics Inorganics
Acetone Arsenic
Bis(2-ethylhexyl)phthalate Barium
2-Butanone Beryllium
Carbon tetrachloride Cadmium
Chloroform Chromium
1,1-Dichloroethane Cyanide
1,2-Dichloroethene Iron
1,1-Dichloroethene Lead
Ethylbenzene Lithium
Methylene chloride Mercury

- PAHs ; o _Nickel e
Tetrachloroethene Nitrate-Nitrite
Toluene : . Selenium - -~
1,1,1-Trichloroethane Strontium
1,1,2-Trichloroethane Sulfate
Trichloroethene Thallium
Vinyl chloride Vanadium

Uraniuml

1  Uranium (as total uranium)

the report with the nonradiologic inorganics,

is

remainder of
because only

listed in the

its chemotoxic properties are being considered at this time.

8337B



L3
—GE CESCPESCIMIL TS

SECTION. 3.0

EXPOSURE ASSESSMENT

3.1 HYPOTHETICAL EXPOSURE SCENARIO

To determine target clean-up levels, a hypothetical exposure
scenario was created based on future land use potential. It
was assumed that in the future a residential development might
be located on, and in the area surrounding, the solar evapora-
tion pond site. This scenario is consistent with previous U.S.
EPA and Colorado Department of Health (CDH) guidance regarding
an appropriate future use scenario for the Rocky Flats Plant
site. Prior to the preparation of a draft risk assessment for
the 881 Hillside at the Rocky Flats Plant, a méeting was held
on November 9, 1987 at the offices of U.S. EPA-Region VIII
between representatives of EPA-Region VIII, CDH, and Rockwell
International. ~ The-use of a housing  development scenario to
evaluate potential future human health risks posed by contam-
inants at the Plant site, was agreed upon by those in atten-
dance. Although this 1is not necessarily a most probable land
use scenario for this site, 1t 1is expected to represent a worst

case exposure scenario. Therefore, choosing clean-up levels
based on a residential scenario would be expected to be protec-
tive of potential receptors in other scenarios (e.g., workers

in an industrial or commercial setting).

It was assumed that an individual lives at the site over a 70
year lifetime and that exposure to contaminants in- the soil
potentially occurs on a daily basis through five exposure

routes:
* Incidental soil ingestion;
. Ingestion of vegetables grown in contaminated soil;
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~*  Dermal contact with soil;
. Inhalation of airborne contaminated soil; and
° Inhalation of vapors.
These exposure routes are discussed in greater detail in Sec-
tion 5.0. Exposure to contaminants through groundwater usage
was not considered in this evaluation. The reasons for the
elimination of this pathway are discussed in the following sub-

section.

3.2 GROUNDWATER PATHWAY

Exposure to contaminants through groundwater usage was not
considered in the determination of clean-up levels. The yield

evaporation- ponds is expected to be too low for the aquifers
to be a practical source of water for residential (or com-

mercial/industrial) use.

The uppermost aquifer at the solar evaporation ponds 1is defined
in Section E of the Rocky Flats Plant Post-Closure Care Permit
Application (DOE, 1988) as saturated surficial materials in-
cluding Rocky Flats alluvium, disturbed alluvium, colluvium,
and North Walnut Creek valley £ill alluvium. In addition, the
uppermost aquifer includes outcropping weathered claystones and
those sandstones and weathered claystones of the Arapahoe For-
mation which subcrop beneath the surficial materials within the
waste management area. Any sandstone which does not meet this
criteria but 1s hydraulically connected with sandstones that
subcrop beneath the surficial materials within the waste man-
agement area are also considered part of the uppermost agqui-
fer. Each subcropping or hydraulically connected sandstone is
part of the uppermost aquifer to such depth where the sandstone

83378
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_pinches stratigraphically.  Subcropping weathered claystones ... .. ...

are a part of the uppermost aquifer to the base of weathering.

Although the surficial materials as well as subcropping and

.interconnected bedrock units present beneath the solar evapora-

tion ponds are defined as the uppermost aquifer for ground-
water monitoring purposes, they do not meet the definition of
an "aquifer" as defined in 40 CFR. Because of their insuffi-
cient saturated thickness and low conductivity, it 1is unlikely
that these units will be developed for consumptive groundwater

use.

An uppermost aquifer is defined in 40 CFR Part 260.10 as "the
geologic formation nearest the natural ground surface that is
an aquifer, as well as lower aquifers that are hydraulically
interconnected‘wifh this aquifer within the facility's property

Aquifer is defined in 40 CFR Part 270.2 as "a geological forma-
tion, group of formations, or part of a formation that is capa-
ble of yielding a significant amount of water to a well or
spring.”

A "significant source of ground water" as used in 40 CFR Part
191 (Environmental radiation protection standards for manage-
ment and disposal of spent nuclear fuel, high-level and trans-
uranic radiocactive wastes) means:

(1) an aquifer that:

(i) 1is saturated with water having less than 10,000
milligrams per liter of total dissolved solids;

(1i) is within 2,500 feet of the land surface;
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v {1iii1) has- a transmissivity dgreater than 200 gallons-
per day per foot, provided that any formation or part
of a formation included within the source of ground-
water has a hydraulic conductivity greater than 2 gal-

3

lons per day per square foot (5.3 x 10 ° centimeters

per second (cm/sec)); and

(iv) 1is capable of continuously yielding at least
10,000 gallons per day (6.9 gallons per minute) to a
pumped or flowing well for a period of at least a

year; or

(2) an aquifer that provides the primary source of water
for a community water system as part of the effective
date of this subpart.

Surficial materials beneath the solar evaporation ponds do not

qualify as an aquifer because they are not continuously satur—
ated. Based on 1988 water level data, areas of unsaturated
surficial materials are present to the south, east, northeast,
and northwest of the ponds (DOE, 1988). Thus, these materials
are incapable of yielding significant amounts of water to a
well as defined in 40 CFR Part 191 and do not constitute an
aquifer.

Bedrock materials beneath the solar evaporation ponds consist
of silty sandstones, siltstones, and claystones with low hy-
draulic conductivities. Drawdown-recovery tests, slug tests,
and packer tests have been conducted on bedrock materiais at
the solar evaporation ponds to evaluate hydraulic conductivi-
ties. Based on analyses of available test data, the average
hydraulic conductivity of the bedrock units is as follows:

Silty Sandstones ~ 5 x 107 em/sec
(1.9 x 107 %
'"S@uéféﬂfBBfquglyﬁéy:ffz)5”MWM”“”mm

gallons per day per

3-4
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Siltstone - . = 7. X 10?7ncm/secw e .

(2.7 x 107% gal/day—ftz)

Weathered Claystone - 4 x 1077 cm/sec
(1.5 x 10~ % gal/day—ftz)

A comparison of these results with the requirements for a "sig-
nificant amount of water" indicates that these units do not
meet the definition of an aquifer. Additional slug and pump
tests are currently being performed at the solar evaporation
ponds on newly installed wells in both surficial and bedrock
materials, and this analysis will be reevaluated upon comple-

tion of the current investigations.

Due to the partially saturated conditions within surficial ma-
terials and the low hydraulic conductivities of bedrock mater-
ials in this area, it is unlikely that either of these units

will ever be developed for groundwater use. Therefore, the

groundwater pathway will not be considered in determining soil

clean—up levels.
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TOXICITY ASSESSMENT

.In a risk assessment, carcinogenic and noncarcinogenic risks are

evaluated using human health toxicity values (i.e., reference
doses and carcinogenic potency factors). Similarly, when de-
termining target clean-up levels based on health risk, these
toxicity values are factored into the algorithms that are used
to computate acceptable soil concentrations. This section pre-
sents a discussion of the toxicity values that are used in the
calculation of target clean-up levels in Section 5.0. The ap-
proach to developing the toxicity values was previously pro-
vided in a memo to Rockwell International. A copy of thils memo

is included in Appendix C.

" In determining clean-up levels, both carcinogenic and noncar-

cinogenic health effects must be considered. Excessive exposure

to all chemicals can potentially produce noncarcinogenic health
effects, while the potential for carcinogenic effects is limited
to exposure to certain substances. Therefore, it was necessary
to identify and select noncarcinogenic risk-based toxicity
values (reference doses) for each of the contaminants and to
identify and select carcinogenic risk-based toxicity values
(carcinogenic potency factors) for those chemicals having evi-

dence of carcinogenicity.

Carcinogenic potency factors (CPFs) and reference doses (RfDs)
are developed for specific exposure routes. Oral values were
therefore used to evaluate the incidental soil ingestion and
vegetable ingestion exposure routes and inhalation values were
used to evaluate exposure through the inhalation of airborne
contaminated soil and the inhalation of vapors. Tnere were no
toxicity values available for the dermal route and there were
inadequate data from which to derive dermal values. Therefore,

“the-most-conservative available value for ~a chemical,  inhala-

tion or oral, was used to evaluate exposure through dermal con-

4-1
8337B



[ONY SR

SO

“estimate of ‘health protéctive clean-up levels for PAHs.

tact with soil. With the exceptions of-mercury  and--cyanide; -~

the dermal absorption of the inorganic contaminants from a soil
matrix is expected to be negligible, and was not considered in
determining target cleanup levels. Because sewage sludge was
disposed in the solar ponds (DOE, 1987), it is possible that
any mercury present in the ponds may have become biotransformed
to an organic form. Because alkyl mercury compounds are lipid
soluble, significant dermal absorption of mercury could poten-
tially occur. Similarly, cyanides are moderately lipid-soluble,
which allows them to penetrate the skin (ATSDR, 1988a).

4.1 CARCINOGENIC POTENCY FACTORS

Eighteen of the site contaminants have been categorized as car-
cinogens (i.e., classified in Groups A, B, or C) by the U.S.
EPA. Although lead is classified by the U.S. EPA as a carcino-

uncertainty of 1its carcinogenic potency. However, EPA has
stated that lead does not appear to be a potent carcinogen and
that at low doses "the non-cancer effects of lead are of great-
est concern for regulatory purposes" (EPA, 1988). Therefore,
lead is not considered in determining clean-up levels based on
carcinogenic risk. The 17 carcinogenic chemicals addressed in
this evaluation and their U.S. EPA and IARC (International
Agency for Research on Cancer) carcinogenicity classifications
are presented in Table 4-1. An explanation of the U.S. EPA and
IARC carcinogenicity classification systems 1is presented in
Table 4-2.

Potency factors for benzo(a)pyrene were used to evaluate the
carcinogenic PAHs. Benzo(a)pyrene 1is one of the most potent
carcinogens of the PAHs that have been tested for carcino-
genicity. The use of the potency factors for benzo(a)pyrene to

represent all carcinogens is expected to provide a conservative

4-2
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Table 4-1 R

EPA and IARC Categorizations of the
Carcinogenic Site Contaminants

EPA Carcinogenicity IARC Carcinogenicity
Chemical Categoryl Category2

Organics
Bis(2-ethylhexyl)phthalate B2 2B
Carbon tetrachloride B2 2B
Chloroform B2 2B
1,1-Dichloroethane B23 NL
1,2-Dichloroethane B2 _ 2B
1,2-Dichloroethene - C NL
Methylene chloride B2 3
PAHs (carcinogenic)

__(as benzo(a)pyrene) . . .. B2% _ . 2a4
Tetrachloroethene B2 2B

~1,1,2~Trichloroethane - cC o S g
Trichloroethene B2 3
Vinyl chloride A 1
Inorganics
Arsenic A 1
Beryllium B2 2A
Cadmium B1° 22
Chromium (VI) A° 1
Nickel AS 1

lReference: EPA, 1989a.

2Reference: WHO, 1987.

3Cclassification is for the oral route. 1,1-Dichloroethane is not cur-
rently categorized by EPA as to its carcinogenicity through the
inhalation route. o

4Classification is for benzo(a)pyrene. Carcinogenic PAHs are treated in
this evaluation as benzo(a)pyrene (see text, Subsection 4.1).
SClassification is for the inhalation route. There are inadequate data
for the toxicity of this chemical by the oral route (EPA, 1989%a).

NL - Not listed.
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Table 4-2

EPA and IARC Categorizations of Carcinogens
Based on Human and Animal Evidence

EPA Categorization of Carcinogens1
Animal Evidence
Sufficient Limited Inadequate No Data  No Evidence

Human Evidence

Sufficient A A A A A
Limited Bl Bl Bl Bl Bl
Inadequate B2 C D D D
No data B2 C D D E
No evidence B2 C D D E

humans and sufficient evidence of carcinogenicity in experimental
animals).

8337B

" Key:

Group A - Human carcinogen (sufficient evidence from epidemiological
studies).

Group Bl - Probable human carcinogen {(at least limited evidence of carcino-
genicity to humans).

Group B2 - Probable human carcinogen (a combination of sufficient evidence
in animals and inadequate data in humans).

Group C - Possible human carcinogen (limited evidence in animals in the
absence of human data).

Group D - Not classified (inadequate animal and human data).

Group E - No evidence for carcinogenicity (no evidence for carcinogenicity
in at least two adequate animal tests in different species, or in
both epidemiological and animal studies).

IARC Categorization of Carcinogens2

Group 1 - Human carcinogen (sufficient evidence of carcinogenicity in
humans) .

__Group 2A -  Probable human carcinogen_ (limited evidence _of .carcinogenicity  in- -
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(continued)

IARC Categorization of Carcinogensz

Group 2B - Possible human carcinogen (limited evidence of carcinogenicity
in humans and insufficient evidence of carcinogenicity in exper-
imental animals; insufficient evidence of carcinogenicity in hu-
mans and sufficient evidence of carcinogenicity in experimental
animals; or insufficient evidence of carcinogenicity in humans
and limited evidence of carcinogenicity in experimental animals,
with supporting evidence from other relevant data).

Group 3 - Not classifiable (substances in this category do not fall into
any other category).

Group 4 - Probably not carcinogenic to humans.

lepa, 1986 '

2WHO, 1987
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_Current oral and inhalation potency factors were available for
most of the contaminants. In the absence of current oral and
inhalation potency factors for benzo(a)pyrene, older previously
developed factors were used. Neither current nor older inhala-
tion potency factors were available for bis(2-ethyhexyl)phtha-
late and 1,1-dichloroethane. Because organic compounds are us-—
ually well absorbed through both the oral and inhalation
routes, their systemic toxic effects through both routes are
usually similar. Therefore, in the absence of 1inhalation po-
tency factors for bis(2-ethyhexyl)phthalate and 1,1-dichloro-
ethane, the current oral potency factors were used for the
inhalation route.

The carcinogenic potency factors used in determining soil
clean-up levels based on carcinogenic risk are presented in

Table 4-3.

‘4.2 REFERENCE DOSES

The toxicity values used to evaluate the potential for noncar-
cinogenic health effects are generically referred to in this
document as reference doses (RfDs). The term reference dose was
developed by EPA to refer to a daily intake of a chemical to
which an individual can be exposed over a given length of time
without any reasonable expectation of noncarcinogenic adverse
health effects occurring. The term is used in this assessment
to apply to any established or derived value fitting this de-
scription. Unlike the approach used in evaluating carcinogenic
risk, it is assumed for noncarcinogenic health effects that a
threshold dose exists below which there is no appreciable po-

tential for toxicity.

Because the soil clean-up levels are intended to protect indi-
viduals for exposure periods of up to a lifetime, chronic RfDs

were used to derive target soil concentrations. Current chronic

—orai-reference doses-were—available for 25 of the 35 site con- """~

taminants (EPA, 1989%a). An older oral RfD was wused for tri-

4—-6
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__Table 4-3

Carcinogenic Potency Factors
(mg/kg/day) -1

Chemical Orall Inhalationl Dermal?2
Organics

Bis(2-ethylhexyl)

phthalate 1.40E-02 1.40E-023 1.40E-02
Carbon tetrachloride 1.30E-01 1.30E-01 1.30E-01
Chloroform 6.10E-03 8.10E-02 8.10E-02
1,1-Dichlorocethane 9.10E-02 9.10E-023 9.10E-02
1,2-Dichloroethane 9.10E-02 9.10E-02 9.10E-02
1,1-Dichloroethene 6.00E-01 1.20E4+00 1.20E+00
Methylene chloride 7.50E-03 1.65E-034 7.50E-03
PAHs(carcinogenic) 1.15E+01° 6.10E+00° 1.15E+01

(as benzo(a)pyrene) '

Tetrachloroethene 5.10E-02 3.30E-03 5.10E-02
1,1,2-Trichloroethane 5.70E-02 5.70E-02 5.70E-02
Trichloroethene T 1.10E-02 "~ 1.70E-02" “1.70E-02
Vinyl chloride 2.30E+00 2.95E-01 ' 2.30E+00
Inorganics
Arsenic 1.75E+006 5.00E+01 NC
Beryllium 4 .30E+007 8.40E+00 NC
Cadmium NA 6.10E+00 NC
Chromium (VI) NA 4,.10E+01 NC
Nickel NA 8.40E-01 NC

lUnless otherwise noted, the source of the potency factor is EPA,
1989a.

2The dermal potency factor represents the highest (i.e., most con-
servative) available potency factor, oral or inhalation.

3The oral potency factor was used.

4converted from a unit risk factor of 4.7E-07 (ug/m3)~1 by
assuming the inhalation of 20 m3/day and a body weight of 70 kg
(EPA, 1989d). :

S5A carcinogenic potency factor is not currently available from EPA
for benzo(a)pyrene (EPA, 1989a). In the absence of a current
value, a previously calculated potency factor was used (EPA, 1986c).

6Calculated from a potency factor of 5 x 1075 (ug/1)~1 (EPA,
1989c) assuming the consumption of 2 liters of water/day and a
body weight of 70 kg (EPA, 19894).

TReference: IRIS, 1990.

NA -~ Not applicable.

" genicity of this chemical by the oral route (EPA, 1989a).
NC - Chemical is not of concern through this exposure route (see
text, Section 4.0).

4-7
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_chloroethene. Oral RfDs were derived for the remaining nine ...

chemicals (iron, 1lead, 1lithium, strontium, sulfate, uranium,
1,2-dichlorocethane, PAHs, and vinyl chloride) based on available
health-based standards or toxicological information. The ap-
proaches used to derive oral RfDs for these chemicals are de-
scribed in Appendix D.

Current chronic inhalation RfDs were available for only six
contaminants (EPA, 1989a): barium, 2-butanone, 1,1-dichloro-
ethane, methylene <chloride, toluene, and 1,1,1l-trichloro-
ethane. With the exception of 1lithium, inhalation RfDs were
derived for the rest of the contaminants based on a threshold
limit value-time weighted average (TLV-TWA) developed by the
American Conference of Industrial Hygienists (ACGIH, 1989). A
TLV-TWA is intended to protect healthy workers from adverse
health effects when repeatedly exposed to a substance 1in the

workplace air for 8 hours/day, 5 days/week. Because the TLV-
- TWA- for some chemicals may be based on an endpoint other than -

chronic noncarcinogenic effects (e.g., acute irritation, car-
cinogenicity), the data on which each TLV-TWA was based were
reviewed to ensure that the TLV-TWA was an appropriate value
from which to derive an inhalation RfD (ACGIH, 1986). However,
since TLV-TWAs are based on the most sensitive endpoint, the
derived RfDs are expected to be protective of potential noncar-
cinogenic adverse health effects. The equation used to derive
inhalation RfDs from TLV-TWAs is presented in Table 4-4.

The inhalation RfD for PAHs was based on the TLV-TWA for naph-
thalene, ‘incorporating an uncertainty factor of 100 to take into
consideration possible differences in noncarcinogenic effects
between naphthalene and the PAHs which may be present on site.

TLV-TWAs were not available for nitrate, strontium, sulfate, or
uranium, nor were there any data in the surveyed literature from
which to derive inhalation RfDs. Therefore, the TLV-TWA for
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Table 4-4

Approach to Deriving an Inhalation Reference

Dose (RfD) From a Threshold Limit Value-
Time Weighted Average (TLV-TWA)

Inhalation
REfD

(mg/kg/day)
where:
Inhalation RfD

TLV-TWA

Air breathed

_per work day -

Work week
adjustment
factor

Body weight

Uncertainty
factor!

Air breathed Work week
TLV-TWA X per work day X adjustment
(mg/m3) (m3/day) factor

Body weight (kg) x Uncertainty factor

Inhalation reference dose.

Threshold limit value-time weighted average
(ACGIH, 1989). '

10 m3. This value has been used by EPA when
deriving an inhalation acceptable chronic intake
(AIC) for the public from worker exposure levels
(EPA, 1984a). , o ,

5 days/7 days. Because the TLV-TWA is based
on a 5-day work week, an adjustment was made to
average the daily dose over a 7 day week.

70 kg (weight of an average adult) (EPA, 19894).

100. An uncertainty factor of 10 was applied
to account for human variation (i.e., to
protect sensitive members of the general
population) (EPA, 1989d). An additional
modifying factor of 10 was included to take
into account a continuous exposure for a
resident (versus an intermittent exposure for
a worker) and a lifetime exposure for a
resident (versus a less than lifetime exposure
for a worker). Uncertainty factors of 10 to 100
have been used by government agencies when
deriving public health criteria from TLV-TWAs
(EPA, 1984a; MDNR, 1989; PAMS, 1983).

lsee Appendix D for a discussion of uncertainty factors.




—cER, CESERLCOMA TS

value from which to derive inhalation RfDs for these con-
taminants. Although a TLV-TWA was available for lithium hy-
dride, it was not used to derive the inhalation RfD for lith-
ijum. The reason for not using this TLV-TWA and the approach
used to derive the inhalation RfD for lithium are presented in

Appendix D.

Oral and (derived) inhalation RfDs for hexavalent chromium
(chromium VI) were used to determine soil clean-up levels for
chromium. Chromium can exist in the environment 1in several
valence states, trivalent being the most common. However, be-
cause hexavalent chromium was reportedly disposed of in the so-
lar evaporation ponds (DOE, 1987), and because hexavalent chro-
mium is more toxic than the trivalent form, the RfDs for hexa-

valent chromium were used.

_"particulates not otherwise classified" was used as_a default .

The RfDs that were used in determining soil clean-up ‘levels

based on noncarcinogenic health risk are presented in Table 4-3.
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CALCULATION OF TARGET CLEAN-UP LEVELS FOR SOIL

In this section, clean-up levels are derived for the soils be-
neath and surrounding the solar evaporation ponds. In deter-
mining clean-up levels based on carcinogenic and noncarcin-
ogenic risks, it is assumed that the risks posed by individual
contaminants are additive. This approach 1is 1in accord with
current EPA guidance for assessing the total risk posed by the
simultaneous presence of multiple substances (EPA, 1989d). Ac-
cording to EPA, if chemicals were assessed separately, it could
significantly underestimate total risk in cases where additive
interactions between chemicals might potentially occur. It is
recognized by the Agency that this approach might alsoc under-—

“estimate risk in cases where synergistic interactions might oc-

cur or overestimate risk in cases where antagonistic interac-—
tions are possible or where chemicals act independently. How-
ever, in the absence of information regarding the interactions
of contaminants in a specific mixture found at a particular
site, it is recommended by U.S. EPA that the additive approach
be used (EPA, 1986a, 1989d). Because there is no information
regarding the interactions of chemicals in mixtures similar to
those found in solar pond soils, the additive approach was fol-
lowed in determining risk-based clean-up levels.

Because sampling data were not available for the soils directly
beneath the pdndé} clean-up levels for these soils were calcu-
lated based on the assumption that all of the site contaminants
may simultaneously be present beneath the ponds. Consequently,
the clean—-up levels derived for these soils represent the low-
est calculated clean-up concentrations, since they take into
account the potential additive toxicity of all 35 site contam-

8337B
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..inants.. .. Clean-up.-levels._based on the carcinogenic-.and. noncar—

cinogenic risk posed by all of the site contaminants are de-
rived in Subsections 5.1 and 5.2, respectively. Final clean-up
levels based on the presence of all site contaminants are pre-—

sented in Subsection 5.3.

Although it is possible that all of the site contaminants may
be present beneath the solar ponds, based on the available soil
sampling data (see Volume 2), it does not appear that all of
the organic site contaminants are present throughout the soils
surrounding the solar ponds. Similarly, all of the i1norganic
site contaminants do not appear to be present above background
at all soil sampling locations. Therefore, different clean-up
levels may have to be derived for different sections of the
site. The approach to deriving location-specific clean-up lev-
els is presented in Subsection 5.4.

5.1 DETERMINATION OF CLEAN-UP LEVELS BASED ON THE CARCINOGENIC
RISK POSED BY ALL SITE CONTAMINANTS

5.1.1 General Approach

This subsection presents the general approach of the model used
in calculating target clean-up levels based on potential car-
cinogenic risk. Details of the methodology are presented in
Subsections 5.1.2 and 5.1.3. The model was based on a pre-
selected risk criterion established during the July 14, 1989
preliminary meeting between Rockwell International and WESTON
at ghe Rocky Flats Plant. At that time a total cancer risk of
10

chosen as the clean-up goal for carcinogenic contaminants.

(one in one million) for all contaminants combined was

Soil concentrations were first calculated for each carcinogen,
allowing each chemical a total risk of 1077 (one in ten mil-

lion) through all exposure routes. The soill concentratlon that
T

5-2
83378
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tion for each exposure route was then used to calculate a
1077 risk soil concentration for each contaminant through all

exposure routes combined.

As previously discussed, it is assumed in determining clean-up
levels that the carcinogenic risk posed by individual

contaminants is additive. Because there are 17 carcinogenic
contaminants being evaluated (see Table 4-1), assigning a
maximum target risk level of 1077 to each carcinogenic

chemical results in a total «carcinogenic risk of approx-
imately 1.7 X 10°°. 6
cancer risk, the 10

To achieve a clean-up goal of a 10

7 . . .
risk soll concentration for each con-

taminant was divided by 1.7.

5.1.2 Determination of 10 ~7 Risk Soil Concentrations for In-
dividual Exposure Routes

This subsection presents the mathematical models that were used
to determine the 1077 risk soil concentrations for each con-
taminant through individual exposure routes. The models are
presented in tabulated form. Each table includes the defini-
tion of the variables for the exposure route and the assump-
tions used in the model. Additional information regarding the
assumptions 1s presented in the text. The approach used to de-
rive the models is presented in Appendix E, Section E.1.

To simplify the‘calculatibns'used»in determining clean-up lev-
els based on lifetime carcinogenic risk, exposure factors that
are appropriate for calculating estimated daily intakes of con-
taminants by adults were used. Carcinogenic risk is expressed
as risk posed over a lifetime of exposure. In calculating car-
cinogenic risk, risk due to childhood exposure is considered to
be additive to the risk due to adult exposure, with both

childhood and adult risk being proportional to estimated daily

8337B
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intakes of a child are usually greater than those of an adult
on a body weight basis (see Subsection 5.2.2), because of the
relatively short duration of childhood exposure, the increased
daily intakes during childhood usually have only a small effect
on overall lifetime carcinogenic risk. Because the major con-
tribution to lifetime risk results from adult exposure, the ex-
posure factors for the adult were used in preference to those
for the child in simplifying the calculation of cancer risk-
based clean-up levels.

5.1.2.1 1Incidental Soil Ingestion

The ingestion of contaminants present in soil can potentially
occur indirectly through the placing of dirt-covered hands or

objects (e.g., cigarettes) in the mouth. The model and assump-

‘tions that were used to calculate the soil concentration of

contaminants that pose a 107’ cancer risk through incidental

soil ingestion are presented in Table 5-1.

Residents are most 1likely to come into contact with soil during
the months in which climatic conditions are conducive to out-

door yard activities. In Colorado, the exposure period is as-
sumed to be approximately ten months (i.e., 40 weeks/year). The
contaminant concentrations in soil which pose a 1077 risk

through incidental soil ingestion are presented in Table 5-2.

5.1.2.2 Vegetable Ingestion

It is possible that residents could be indirectly exposed to
soil contaminants through the ingestion of vegetables grown in
contaminated soil in a home garden. Although a variety of veg-
etables may potentially be raised by a resident, in this as-
sessment root vegetables (e.g., carrots) where chosen to calcu-

late target soil concentrations. Because root vegetables are

5-4
83378
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“rable 5.1

Mode! for Determining the Soil Concentratlon
of a Contaminant Posing a 10-7 Cancer

Risk Through Incidental Soil Ingestion
RISK x BW

Csoil -

SIR x OPF x W/Y x CF
Variables:
Csoil = Contaminant concentration in the soil (mg/kg). _
RISK = Carc1nogen1c r1sk over a 70 year lifetime (unit-
BW = Body welght (kg)
SIR =""Soil 1ngest10n rate (mg/day).
OPF = Oral carcinogenic potency factor (mg/kg/day)”l.
W/Y = Number of weeks exposed per year (weeks/year).
CF = Conversion factors (1076 kg/mg; 1 year/52 weeks).
Assumptions:

(1) The carcinogenic risk (RISK) is 10~7 (one in ten million).

(2) The body weight (BW) of an average adult is 70 kg (EPA,
19894d).

(3) The soil ingestion rate (SIR) of an adult is 100 mg/day
(EPA, 1989Db).

(4) The oral carcinogenic potency factor (OPF) for each con-
taminant is presented in Table 4-3.

(5) An individual is exposed 40 weeks per year (W/Y).

8337B
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Table 5-2

Soil Concentrations Posing a 10-7 Cancer

Risk Through Incidental Soil Ingestion

Soill Concentration

Chemical (mg/kqg)
Organics
Bis(2-ethylhexyl)phthalate 6.50E+00
Carbon tetrachloride 7.00E-01
Chloroform 1.49E+01
1,1-Dichloroethane 1.00E+00
1,2-Dichloroethane 1.00E+00
1,1-Dichloroethene 1.52E-01
Methylene chloride 1.21E+01
PAHs (carcinogenic) (as benzo(a)pyrene) 7.91E-03
Tetrachloroethene - .1.78E+00.. .
1,1,2-Trichloroethane 1.60E+00
~Trichloroethene ~8.27E+00 -
Vinyl chloride 3.96E~-02
Inorganics
Arsenic 5.20E-02
Beryllium 2.12E-02

8337B
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grown directly in the soil, they are likely to have the greatest... ..

potential for the accumulation of soil contaminants.

The model and assumptions that were used to calculate the con-
centrations of contaminants that pose a 1077 cancer risk
through vegetable ingestion are presented in Table 5-3. The
approaches used to calculate root uptake factors for root vege-
tables are presented in Appendix F. All input factors used 1in
the computations were expressed in or adjusted for wet weight.
A wet weight root vegetable ingestion rate was calculated based
on an average dry weight root vegetable ingestion rate for
adults aged 25-65 years (EPA, 1986b), adjusted for a moisture
content of 88.2 percent (based on carrots) (Baes et all, 1984) .

It was assumed that 50 percent of all root vegetables consumed
during the year are homegrown. It has been reported that ap-

‘proximately 60 percent of the vegetables consumed by rural farm

households are raised in home gardens (EPA, 1986a). It is ex-
pected that the typical suburban household grows a substantially
smaller percentage of their vegetables than a rural farm house-
hold. However, a conservative value of 50 percent was used in
this assessment to compensate for any additional exposure to
contaminants that a resident might receive as a result of the
ingestion of other types of homegrown produce (e.g., leafy veg-
etables, garden fruits).

The contaminant concentrations in soill which pose a 1077 risk
through vegetable ingestion are presented in Table 5-4.

5.1.2.3 Dermal Contact With Soil

In addition to posing the potential for the indirect ingestion
of contaminants, contact with soil may also pose the potential
for the absorption of contaminants through the skin. The model

and assumptions that were used to calculate the concentrations

8337B
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Table 5-3

Model for Determining the Soil Concentration
of a Contaminant Posing a 10-7 Cancer
Risk Through Vegetable Ingestion

RISK X BW
Csoil =
VIR x FR x RUF x OPF x CF
Variables:
Csoil = Contaminant concentration in the soil (mg/kg).
RISK = Carcinogenic risk over a 70 year lifetime (unit-
less).

BW = Body weight (kg).
VIR = Root vegetable ingestion rate (g/day).
FR = Fraction of vegetables that are homegrown (unit-
. less) e S
RUF = Root uptake factor (unitless).
OPF = Oral carcinogenic potency factor (mg/kg/day)~1.-
CF = Conversion factor (1073 kg/g).
Assumptions:
(1) The carcinogenic risk (RISK) is 10~7 (one in ten million).
(2) The body weight (BW) of an average adult is 70 kg (EPA,

1989d).
(3) The root vegetable ingestion rate (VIR) for an adult 1is

14.9 g/day (see text, Subsection 5.1.2.2).

The fraction of vegetables that is homegrown (FR) is 0.50
(see text, Subsection 5.1.2.2).

The root uptake factor (RUF) for each contaminant is pre-
sented in Appendix Table F-2.

The oral carcinogenic potency factor (OPF) for each contam-
inant is presented in Table 4-3.

8337B
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Table 5-4

Soil Concentrations Posing a 10-7 Cancer Risk
Through Vegetable lIngestion

Soil Concentration

Chemical (mg/kg)
Organics
Bis(2-ethylhexyl)phthalate 3.56E-01
Carbon tetrachloride 4.88E-03
Chloroform 6.58E-02
1,1-Dichloroethane 5.02E-03
1,2-Dichloroethane 2.92E-03
1,1-Dichloroethene 1.58E-03
Methylene chloride 2.45E-02
PAHs (carcinogenic) (as benzo(a)pyrene) 8.02E-03
Tetrachloroethene = . . e 4 ,35E-02
1,1,2-Trichloroethane 7.15E-03
Trichloroethene 9.36E-02
Vinyl chloride 4,98E-04
Inorganics
Arsenic 7.58E-01
Beryllium 1.23E+00

8337B
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contact with soil are presented in Table 5-5.

There are few data regarding the absorption of chemicals from a

.s0il matrix. Studies have indicated that approximately one to

two percent of soil-bound dioxins are absorbed through the skin
(Poiger and Schlatter, 1980; Shu et al., 1988). In the absence
of specific skin absorption data for the site contaminants, an
absorption factor of two percent (0.02) was used for all of the
organic chemicals, as well as for mercury and cyanide.

The amount of soil adhering to skin has been reported to range
from approximately 0.5 to 2.77 mg soil/cm2 skin (Schaum,
1984; EPA, 19894d). A value of 1.45 mg/cm2 which has been
estimated for commercial potting soil, and which 1s close to
the midpoint of the range, was used in this evaluation. Only

" the hands and arms were assumed to be exposed to soil during
outdoor activities; the average of the upper extremities' sur-

face area for adult males and females was used (Anderson et
al., 1985). The duration of exposure was assumed to be the
same as that for incidental soil ingestion (i.e., 40 weeks/

year).

The contaminant concentrations in soil which pose a 1077 risk
through dermal contact with soil are presented in Table 5-6.

§.1.2.4 Inhalation of Airborne Contaminated Soil

Residents can potentially be exposed to contaminants through
the inhalation of dusts generated from contaminated soil. The
model and assumptions that were used to determine the contami-
nant concentrations in soil that pose a 1077 cancer risk
through the inhalation of airborne contaminated soil are pre-
sented in Table 5-7.

to airborne contaminated soil on a 24-hour basis. Although an

5-10
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Table 5-5

Model for Determining the Soil Concentration
of a Contaminant Posing a 10—/ Cancer
Risk Through Dermal Contact With Soil

RISK x BW
Csoil =
ESA x SA x AF x DPF x W/Y x CF
Variables:
Csoil = Contaminant concentration in the soil (mg/kg).
RISK = Carcinogenic risk over a 70 year lifetime (unitless).
BW = Body weight (kg).
ESA = Exposed skin surface area (cmz/day)
SA = 8kin adherence factor (mg/cm?).
AF = Dermal absorption factor (unltless)
-~ DPF. ... ... = Dermal potency factor -(mg/kg/day) L. R
W/Y = Number of weeks exposed per year (weeks/Year)
- CF = Conversion factors (1076 kg/mg; 1 year/52 weeks).
Assumptions:
(1) The carcinogenic risk (RISK) is 10”7 (one in ten million).

The body weight (BW) of an average adult 1is 70 kg (EPA,
1989d).

The exposed skin surface area (ESA) is 2,980 cm?/day (see
text, Subsection 5.1.2.3).

The skin adherence factor (SA) is 1.45 mg/cm? (see text,
Subsection 5.1.2.3).

The dermal absorption factor (AF) is 0.02 ‘see text, Sub-
section 5.1.2.3).

The dermal carcinogenic potency factor (DPF) for each con-
taminant is presented in Table 4-3.

An 1nd1v1dua1 i1s exposed 40 weeks per year (W/Y).

8337B
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Table 5-6

Soil Concentrations Posing a 10-7 Cancer Risk
Through Dermal Contact With Soil

Soil Concentration

Chemical (mg/kqg)
Organics
Bis(2-ethylhexyl)phthalate 7.53E+00
Carbon tetrachloride 8.11E-01
Chloroform 1.30E+00
1,1-Dichloroethane 1.16E+00
1,2-Dichloroethane 1.16E+00
1,1-Dichloroethene 8.79E-02
Methylene chloride 1.41E+01
PAHs (carcinogenic) (as benzo(a)pyrene) 9.17E-03
~Tetrachloroethene- : - 2.07E+00
1,1,2-Trichloroethane 1.85E+00
Trichloroethene 6.20E+00
Vinyl chloride 4 .59E-02

8337B



Table 5-7

Mode! for Determining the Soil Concentration of a
Contaminant Posing a 10-7 Cancer Risk Through
the Inhalation of Airborne Contaminated Soil

RISK x CRF
Csoil =
IURF x F; x PM;oEF x ASP x CF
Variables:
Csoil = Contaminant concentration in the soil (mg/kg).
RISK = Carcinogenic risk over a 70 year lifetime (unitless).
CRF = Climatic region factor (unitless)
IURF = Inhalation unit risk factor (ug/m3)-1
F = Unscaled concentration due to a unit erosion rate
(ug/m3)/(g/sec) ..
PM; oEF = PM;o (respirable size particles) emission factor
(mg/m2/hr)
ASP =.Area -of the solar ponds (m2) e
CF = Conversion factors (1073 g/mg; 107® kg/mg; 1hr/
3,600 sec).
Assumptions:
(1) The carcinogenic risk (RISK) is 10~7 (one in ten million).

The climatic region factor is 0.262 for climatic region 2
and 0.396 for climatic region 3 (EPA, 1985b).

The inhalation unit risk factor (IURF) for each contaminant
is presented in Table 5-8.

F1 is 2.978 and 4.789 for climatic regions 2 and 3, re-
spectively.

The PMjg emission factor (PMjgEF) 1is 4,097 mg/m2/hr .
(The PM;gEF is derived in Appendix G.

The area of the solar ponds (ASP) 1is 25,086 m? (esti-
mated) .
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~ Table 5-8

Inhalation Unit Risk Factors for the
Carcinogenic Site Contaminants?

Unit Risk
Chemical (ug/m3)-1
Organics
Bis(2-ethylhexyl)phthalate 4,0E-062
Carbon tetrachloride 1.5E-05
Chloroform 2.3E-05
1,1-Dichloroethane 2.6E-052
1,2-Dichloroethane 2.6E-05
1,1-Dichloroethene 5.0E-05
Methylene chloride : 4.,7E-07
PAHs (carcinogenic) (as benzo(a)pyrene) 1.7E-033
Tetrachloroethene , 9.5E-07
1,1,2-Trichloroethane - ©1.6E-05"
Trichloroethene 1.7E-06
Vinyl chloride 4.2E-05
Inorganics
Arsenic 4.3E-03
Beryllium 2.4E-03
Cadmium 1.8E-03
Chromium (as VI) 1.2E-02
Nickel 2.4E-044%

l1Risk posed by an air concentration of 1 ug/m3, assuming
continuous lifetime exposure. Reference: EPA, 1989a except
where noted otherwise.
2Neither an inhalation potency factor nor an inhalation unit
risk factor was available. The unit risk was calculated based
on the oral gotency factor (EPA, 1989a), assuming the inhala-
tion of 20 m3/day and a body weight of 70 kg (EPA, 19894).
3EPA does not currently list an inhalation unit risk factor
or any potency factors for benzo(a)pyrene (EPA, 1989%a).
The unit risk factor was derived from a previously listed
inhalation potency factor (EPA, 1986c), by assuming the
inhalation of 20 m3/day and a body weight of 70 kg (EPA,
19894) .
4value is for nickel refinery dust.

5-14
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~individual would not be outdoors all day, airborne soil can en-

ter a residence through open windows and doors. In addition,
contaminated soil can be tracked into the house and then become
resuspended. Because the Rocky Flats Plant is lccated on the

‘border of climatic regions 2 and 3 as defined by U.S. EPA (EPA,

1985b), two sets of 1077 risk soil concentrations were cal-
culated using climatic region factors and Fl factors that are
specific to these regions, respectively. Fy which is defined
as an unscaled concentration due to a unit erosion rate (i.e.,
a normalized ambient concentration for a unit emission rate)
was the maximum value from a 100 M x 100 M fine grid (EPA,
1985b).

The contaminant concentrations in soil which pose .a 1077 can-
cer risk through the inhalation of airborne contaminated soils
are presented in Table 5-9. The most conservative soill concen-—

trations (i.e., those calculated using climatic region 3 fac—

tors) were used in Section 5.1.3 to determine the soil concen-

trations based on all exposure routes combined.

5.1.2.5 Inhalation of Vapors

In addition to being exposed to airborne contaminants through
the inhalation of dusts, residents may also be exposed to air-
borne contaminants through the inhalation of vapors resulting
from the volatilization of contaminants from surface soils.
Only the organic site contaminants are considered through the
inhalation of vapors exposure route, because these are the site
contaminants that may undergo substantial volatilization.

The model and assumptions that were used to determine the con-
taminant concentrations in soil that pose a 1077 cancer risk
through the inhalation of vapors are presented in Table 5-10.
The approach to deriving Fa, the fraction of the contaminant
released to the air during 70 years, is described in Appendix H.

8337B



Gy WA N

vl A W

~ Table 5-9

Soil Concentrations Posing a 10-7 Cancer Risk
Through the Inhalation of Airborne Contaminated Soil

Soil Concentrationl

Chemical (mg/kg)

Region 2 Region 3
Organics
Bis(2-ethylhexyl)phthalate 7.70E+01 7.24E+01
Carbon tetrachloride 2.06E+01 1.94E+01
Chloroform 1.33E+01 1.25E+01
1,1-Dichloroethane 1.17E+01 1.10E+01
1l,2-Dichloroethane 1.17E+01 1.10E+01
1l,1-Dichloroethene 6.13E+00 5.79E+00
Methylene chloride 6.47E+02 6.08E+02
PAHs (carcinogenic)

(as-benzo(a)pyrene) - ~1.76E=01 1.65E-01
Tetrachloroethene 3.39E+02 3.19E+02
1,1,2-Trichloroethane '1.94E+01 1.82E+01
Trichloroethene 1.82E+02 1.71E+02
Vinyl chloride 7.40E+00 6.95E+00
Inorganics
Arsenic 7.09E-02 6.66E-02
Beryllium 1.29E-01 1.22E-01
Cadmium 1.73E-01 1.62E-01
Chromium (as VI) 2.56E-02 2.40E-02
Nickel 1.29E+4+00 1.22E+00

lcalculated using climatic region factors and F; factors
for regions 2 and 3 (see text, Subsection 5.1.2.4).
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Table 5-10

Mode! for Determining the Soil Concentratlon
of a Contaminant Posing a 10-7 Cancer Risk
Through the Inhalation of Vapors

RISK x T
Csoil =
IURF X Pgpji] X ASP X Fg x L x X/Q x CF

Variables:
Csoil = Contaminant concentration in the soil (mg/kg).
RISK = Carcinogenic risk over a 70 year lifetime (unitless).
T = Time after the waste is applied to the soil (sec).
IURF = Inhalation unit risk factor (ug/m3)~
Psoil = Density of the soil (g/cm3%
ASP = Area of the solar ponds (m<4) i
Fa = Fraction. .of. the contaminant released . .to. the -air

during 70 years (unitless).
L : = Depth of contaminated soil (cm).
X/Q = Contamlnant concentration in alr/emissions rate

(ug/m3)/(g/sec).
CF = Conversion factors (10™4 cm2/m2; 106 (g/g)/mg/kg).
Assumptions:

The carcinogenic risk (RISK) is 10~7 (one in ten million).
The time after the waste is applied to the soil (T) is
equal to a 70 year lifetime, 2.21 x 10° sec.

The inhalation unit risk factor (IURF) for each contaminant
is presented in Table 5-9.

The density of the soil (Ps%} is the density reported
for packed dry earth, 1.5 g/cm® (Baumeister et al., 1978).
The area of the solar ponds (ASP) 1s 25,086 m2 (esti-
mated).

The fraction of the compound released to the air durlng 70
years (F) is presented in Appendix Table H-1.

The depth of contaminated soil (L) is 121 cm (estimated).
The contaminant concentration in air/emissions rate (X/Q)
is approximatel 37 2.978 (ug/m3)/g/s) for climatic region 2
and 4,789 (ug/m2)/(g/s) for climatic region 3 (EPA, 1985b).
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_As in the case of the inhalation of contaminated airborne soil

exposure route, two sets of 10“7 risk soil concentrations
were calculated. The two sets were based on X/Q factors for
climatic regions 2 and 3, respectively. The most conservative

soil concentrations (i.e., those based on the climatic region 3

factor) were used in Section 5.1.3 to determine the soll con-
centrations based on all exposure routes combined. Also, as in
the case of contaminated airborne soil, it 1is assumed that an
individual could potentially be exposed to volatilized contami-
nants for 24 hours per day.

The contaminant concentrations in soil which pose a 1077
cancer risk through the inhalation of vapors are presented in
Table 5-11.

5.1.3 Determination of Soil Concentrations Posing a 10 —7
~Cancer Risk Through All-Exposure Routes Combined

For each carcinogenic site contaminant, the soil concentration

7 lifetime cancer risk through all exposure

that poses a 10
routes combined was determined based on the 10—7 risk soil
concentrations calculated in Section 5.1.2 for the individual
exposure routes. The following equation was used to calculate

7

multiroute 10 risk soil concentration for each chemical

(Rosenblatt et al., 1982).
CC5-C = 1/(1/CSI + l/CVI + l/CDC + 1/CIS + 1/CIV)
where,
Ccs-C = The contaminant concentration in soil posing a
1077 cancer risk through all exposure routes
combined (mg/kg).
C = The contaminant concentration in soll posing a

gestion (mg/kg).

5-18
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Table 5-11

Soi! Concentrations Posing a 10-7 Cancer Risk
Through the Inhalation of Vapors

Soil Concentrationtl

(mg/kg)
Chemical Region 2 Region 3
Organics

Bis(2-ethylhexyl)phthalate 2.46E+06 1.53E+06
Carbon tetrachloride 1.09E+02 6.76E+01
Chloroform 6.95E+01 4 ,32E+01
1,1-Dichloroethane 6.13E+01 3.81E+01
1,2-Dichloroethane 6.16E+01 3.83E+01
1,1-Dichloroethene 3.22E401 2.00E+01
Methylene chloride 3.38E+03 2.10E+03
‘PAHs (carcinogenic) ~ LT
(as benzo(a)pyrene) 9.52E+01 5.92E+01
Tetrachloroethene 1.81E+03 1.13E+03
1,1,2-Trichloroethane 1.06E+02 6.58E+01
Trichloroethene 9.62E+02 5.98E+02
Vinyl chloride 3.86E+01 2.40E+01

lcalculated using X/Q estimated for climatic regions 2 and 3
(see text, Subsection 5.1.2.5).
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~ - -Gy~ = The contaminant. concentration in soil.-posing & -

1077 cancer risk through vegetable
ingestion (mg/kg).

CDc = The contaminant concentration in soil posing
a 1077 cancer risk through dermal contact
with soil (mg/kg).

CIs = The contaminant concentration in soil posing
a 1077 cancer risk through the inhalation
of airborne contaminated soil (mg/kg).

Crv = The contaminant concentration in soil posing
a 107! cancer risk through the inhalation

of vapors (mg/kg).

The algebraic expression, as described by Rosenblatt et al.,

accounts for the fact that to protect human health, the recep-

tors should not receive a combined daily dose from all exposure
pathways in excess of the dose on which the target risk level
is based. The equation adjusts the soil concentrations such
that the individual pathways of exposure (e.g., incidental soil
ingestion, dermal contact, etc.) taken together provide the
receptor with the target dose value. As Rosenblatt et al. ex-
plains, "this calculation is similar to the addition of elec-
trical resistances in parallel DC circuits." In computing the

total resistance (R for several resistances connected

total)

in parallel, the inverse of - the total resistance (I/Rtotal)

is equal to the sum of the inverses of the individual resist-
ances (1/RN) in the circuit:

1 = 1 + 1 -+ 1
Rtotal 1 2 RN

The soil concentration of each contaminant which poses a 1077

”Cancer”TiSk“thf@ﬁ@h“éTTwékprﬁré"befé§“Cbmbinéd”i§wpfé§§ﬁféaﬁ"

7

in Table 5-12. The 10 ' risk soil concentrations for indivi-
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Table 5-12

Soil Concentrations Resulting in a 1.7 x 10-6

Tota! Cancer Risk from All Contaminants
Through All Exposure Routes Combined?

Soil Concentration

Chemical (mg/kg)
Organics
Bis(2-ethylhexyl)phthalate 3.22E-01
Carbon tetrachloride 4.81E-03
Chloroform 6.20E-02
1,1-Dichloroethane 4.97E-03
1,2-Dichloroethane 2.91E-03
1,1-Dichloroethene 1.54E-03
Methylene chloride 2.45E-02
"PAHs (carcinogenic) (as benzo(a)pyrene) 2.73E-03... -
Tetrachloroethene 4,16E-02
"1,1,2=Trichloroethane 7.08E-=03
Trichloroethene 9.11E-02
Vinyl chloride 4.87E-04
Inorganics
Arsenic 2.81E-02
Beryllium 1.78E-02
Cadmium 1.62E-01
Chromium (as VI) 2.40E-02
Nickel 1.22E+00
1  Based on the additivity of the risk of all 17 carcinogens,

each of which poses a 10~7 cancer risk.
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dual carcinogens would result in a total (additive) cancer risk

of 1.7 in one million (1.7E-06) for all contaminants through all
exposure routes combined. Because the target clean-up goal 1is
a 107® total cancer risk, the 1077 risk soil concentrations

were divided by 1.7. The soil concentrations which result in a

total (additive) cancer risk of 1078 are presented 1in Table
5-13.

5.2 DETERMINATION OF CLEAN-UP LEVELS BASED ON THE NONCARCINO-
GENIC RISK POSED BY ALL SITE CONTAMINANTS

§.2.1 General Approach

This subsection presents the general approach of the model used
in determining target clean-up levels for soil based on poten-
tial noncarcinogenic risk. The approach based on noncarcino-

genic risk parallels the approach used for determining-clean-up =
levels based on carcinogenic risk (see Subsection 5.1). - The -

details of the methodology are presented in Subsections 5.2.2
and 5.2.3.

For noncarcinogenic risk the clean-up goal was a hazard index
(HI) of one. The hazard index is the sum of the hazard quo-
tients (i.e., the estimated daily intake (dose) to reference
dose ratios) for all of the contaminants through all exposure
routes combined. In assessing noncarcinogenic risk, a hazard
index of one or less is considered to be acceptable. If the
hazard index exceeds one, it indicates that there might be the
potential for adverse noncarcinogenic health effects occurring.
Unlike the method used to evaluate the potential for carcino-
genic toxicity, the hazard index does not indicate the proba-
bility of adverse health effects occurring, but is used as a
benchmark for determining where there is a potential concern.
The hazard index approach for evaluating noncarcinogenic risk
was developed by the U.S. EPA (EPA, 19894d). Theoretically,

.only the hazard quotients. for chemicals that produce--the--same-

toxicological endpoint by the same mechanism should be added in
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Table 5-13

Soil Concentrations Resulting in a 1.0 x 10-6
Total Cancer Risk from All Contaminants
Through All Exposure Routes Combined

Soil Concentration

Chemical (mg/kg)
Organics
Bis(2-ethylhexyl)phthalate 1.89E-01
Carbon tetrachloride 2.83E-03
Chloroform 3.65E~02
1,1-Dichloroethane 2.93E-03
1,2-Dichloroethane 1.71E-03
1,1-Dichloroethene 9.05E-04
Methylene chloride 1.44E-02
PAHs (carcinogenic) (as benzo(a)pyrene) ~ 1.61E-03
Tetrachloroethene '+ a o 2.45E-02
1,1,2-Trichloroethane 4,17E-03
Trichloroethene 5.36E-02
Vinyl chloride 2.86E-04
Inorganics
Arsenic 1.65E-02
Beryllium 1.05E-02
Cadmium 9.54E-02
Chromium (as VI) 1.41E-02
Nickel 7.16E-01

1 Based on the additivity of the risk of all 17 carcinogens,
eac% of which poses a cancer risk of approximately 5.88 X
1079,
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~calculating a hazard index. However, to simplify the calcula- =

tions, it was assumed that the hazard quotients for all of the
site contaminants are additive. The determination of clean-up
levels based on the segregation of contaminants according to
‘their mechanism of toxic action is briefly discussed in Subsec-
tion 5.4.3.

To determine soil clean-up levels based on noncarcinogenic
risk, each contaminant was allowed a soil clean-up level which
would result in the sum of the hazard quotients for all expo-
sure routes being equal to 1/35. Because there are 35 site
contaminants, this would ensure that the hazard index would not
exceed one. Soil contaminant concentrations were first deter-
mined for each exposure route based on a hazard quotient of
1/n, where n is the number of contaminants being evaluated for
the exposure route. The soil concentrations based on individual
exposure -routes were then used- -to determine -the clean-up level~
- based on all exposure routes combined.

5.2.2 Determination of Clean-up Levels Based on Noncarcino-

genic Risk through Individual Exposure Routes

This subsection presents the mathematical models that were used
to determine soil concentrations for individual exposure routes
based on noncarcinogenic health risk. The models are presented
in tabulated form. Each table includes the definition of the
variables for the exposure route and the assumptions used in the
model. Additional information regarding the assumptions are
presented in the text. The derivation of the models 1s pre-
sented in Appendix E, Section E.2.

The exposure factors that were used for the receptor (i.e.,
resident) were those for a child aged 1-6 years. In a risk as-
sessment, hazard indices are calculated separately for children
and adults. However, unlike the approach used to evaluate car-

—....cinogenic _.risk, in which .childhood and-adult-risks--are-added to--— -
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and adult hazard indices are not additive (i.e., they are not
combined to give the equivalent of a lifetime noncarcinogenic
risk). It is assumed in evaluating the potential for noncar-

cinogenic health effects, that if a hazard index exceeds one at

any period in an 1individual's 1lifetime (e.g., childhood or
adulthood), there may be the potential at that time for adverse
health effects occurring. As a result of their smaller body
size and behavior patterns (e.g., tendency to put objects in
their mouth), young children usually receive a larger intake of
contaminants per unit body weight (i.e., dose) than adults.
Because a child's intake 1is expected to be greater than an
adult's, and the same reference doses are used to evaluate both
the child and adult, the child's hazard index is likely to be
higher ‘than that of the adult. By basing the clean-up levels

on a child's intake, the adult as well as the child will be

‘protected.

With the exception of the receptor-specific factors (i.e.,
child versus adult), the assumptions that were made for each
exposure route were the same as those used in the models based
on carcinogenic risk. The body weight for the child which 1is
used in each model was calculated based on the average (50 per-
centile) body weights reported for male and female children
aged 1 to 6 years (Anderson et al., 1985).

5.2.2.1 Incidental Soil Ingestion

The model and assumptions that were used to calculate soil con-
centrations based on noncarcinogenic risk posed by incidental
soil ingestion are presented in Table 5-14. The exposure period
was assumed to be the same as that for the adult (i.e., 40
weeks/year). The soil concentrations calculated on the basis
of noncarcinogenic risk through incidental soil 1ingestion are
presented in Table 5-15.

lifetime cancer risk (see_ Subsection 5.1.2), childhood . .
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Table 5-14
Mode!l for Determining the Soil Concentration

of a Contaminant Representing Protection from
Noncarcinogenic Risk Posed by Incidental Soil Ingestion

ORFD x HQ x BW

Csoil =
SIR X W/Y x CF

Variables:

Csoil = Contaminant concentration in the soil (mg/kg)
ORFD = Oral reference dose (mg/kg/day)

HQ = Hazard quotient (unitless)

BW = Body weight (kg)

SIR = So0il ingestion rate (mg/day)

W/Y = Number of weeks exposed per year (weeks/year)
..CF . = Conversion factor (1076 kg/mg; 1 year/52 weeks) - -
Assumptions:

(1) The oral reference dose (ORFD) for each contaminant is pre-
sented in Table 4-5.

(2) The hazard quotient (HQ) is 1/35.

(3) The body weight (BW) of an average child aged 1-6 years is
16 kg (Anderson et al., 1985).

(4) The soil ingestion rate (SIR) of a child is 200 mg/day
(EPA, 1989Db).

(5) An individual is exposed 40 weeks per year (W/Y).
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Table 5-15

Soil Concentrations Representing Protection from
Noncarcinogenic Risk Posed by Incidental Soil Ingestion

Soil Concentration

b i

e

Chemical (mg/kg)
Organics
Acetone 2.97E+02
Bis(2-ethylhexyl)phthalate 5.94E+01
2~-Butanone 1.49E+02
Carbon tetrachloride 2.08E+00
Chloroform 2.97E+01
1,1-Dichlorothane 2.97E+02
1,2-Dichloroethane 2.20E+01
1,1-Dichlorocethene 2.67E+01.
‘Ethylbenzene ‘2.97E+02
Methylene chloride 1.78E+02
PAHs (total) ' 1.19E-01
Tetrachloroethene 2.97E+01
Toluene 8.91E+02
1,1,1-Trichloroethane 2.67E+402
1,1,2-Trichloroethane 1.19E+01
Trichloroethene 2.20E+01
Vinyl chloride 3.86E+00
Inorganics
Arsenic 2.97E+00
Barium 1.49E+02
Beryllium 1.49E401
Cadmium 2.97E+00
Chromium (as VI) 1.49E+01
Cyanide 5.94E+01
Iron 8.91E+03
Lead 4,16E-01
Lithium 7.13E+01
Mercury 8.91E-01
Nickel 5.94E+01
Nitrate-Nitrite 2.97E+02
Selenium 8.91E+00
Strontium 4.75E+00
Sulfate 2.11E+04
Thallium 2.08E-01
Uranium 1.78E+00
“"Vanadium© 7 T N T2 08E4+01
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..5.2.2.2 _Vegetable Ingestion

The model and assumptions used in calculating soll concentra-
tions based on (root) vegetable ingestion are presented in
Table 5-16. A wet weight root vegetable ingestion rate was
calculated based on an average dry weight root vegetable inges-
tion rate for a 2-year old (EPA, 1986b), adjusted for a moisture
content of 88.2 percent (based on carrots) (Baes et al., 1984).

The soil contaminant concentrations that were calculated based
on noncarcinogenic risk posed through vegetable ingestion are

presented in Table 5-17.

5.2.2.3 Dermal Contact With Soil

The model and assumptions that were used to calculate soil con-
centrations based on noncarcinogenic risk posed by dermal con—

‘tact with soil are presented in Table 5-18.  The hand and arm

surface area for the child was calculated based on data pre-
sented in Anderson et al. (1985) for male and female children
aged two through seven years. The soil contaminant concentra-
tions that were calculated on the basis of noncarcinogenic risk
posed by dermal contact with soll are presented in Table 5-19.

5.2.2.4 Inhalation of Airborne Contaminated Soil

The model and assumptions that were used to calculate soil con-
centrations based on noncarcinogenic risk through the inhalation
of airborne contaminated soil are presented in Table 5-20. Be—
cause climatic region 3 factors were shown in Subsection 5.1.2.4
to result in the most conservative soil concentrations, and be-
cause the most conservative soil concentrations are used in de-
termining final clean-up levels, climatic 3 factors were used
in the calculations. The calculated soil concentrations based
on the inhalation of contaminated soil are presented in Table
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Table 5-16

Mode!l for Determining the Soil Concentration
of a Contaminant Representing Protection from
Noncarcinogenic Risk Posed by Vegetable Ingestion

ORFD x HQ x BW

Csoil =
VIR ¥ FR x RUF x CF
Variables:
Csoil = Contaminant concentration in the soil (mg/kg).
ORFD = Oral reference dose (mg/kg/day).
HQ = Hazard quotient (unitless).
BW = Body weight (kg).
VIR = Root vegetable ingestion rate (g/day). )
FR = Fraction of vegetables that are homegrown (unit-
R less) .. e - o e
RUF = Root uptake factor (unitless).
CF = “Conversion factor (10—3 kg/g) .
Assumptions:

(1) The oral reference dose (ORFD) for each contaminant is pre-
sented in Table 4-5.

(2) The hazard quotient (HQ) is 1/35.

(3) The body weight (BW) of an average child aged 1-6 years 1is
16 kg (Anderson et al., 1985).

(4) The root vegetable ingestion rate (VIR) for a child is 6.3
g/day (see text, Subsection 5.2.2.2).

(5) The fraction of vegetables that is homegrown (FR) is 0.50
(see text, Subsection 5.2.2.2).

(6) The root uptake factor (RUF) for each contaminant 1s pre-
sented in Appendix F, Table F-2.
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Table 5-17

Soil Concentrations Representing Protection from
Noncarcinogenic Risk Posed by Vegetable Ingestion

Soil Concentration

Chemical (mg/kqg)
Organics
Acetone 8.51E-01
Bis(2-ethylhexyl)phthalate 1.54E+01
2—-Butanone 9.41E-01
Carbon tetrachloride 6.85E-02
Chloroform 6.20E-01
1,1-Dichlorothane 7.06E+00
1,2-Dichloroethane 3.04E-01
1,1-Dichloroethene 1.32E+00
Ethylbenzene .. -4.,50E4+01
Methylene chlorlde 1.71E400
PAHs (total) : 5.70E=01"
Tetrachloroethene 3.43E4+00
Toluene 7.04E+01
1,1,1-Trichloroethane 1.48E+01
1,1,2-Trichloroethane 2.52E-01
Trichloroethene 1.18E+00
Vinyl chloride 2.30E-01
Inorganics
Arsenic 2.05E+02
Beryllium 4.10E+03
Barium 4.10E+03
Cadmium 8.20E+00
Chromium (as VI) 1.37E+03
Cyanide 3.51E-01
Iron 3.68E+06
Lead 1.91E+01
Lithium 7.38E+03
Mercury 1.84E+00
Nickel 4.10E+02
Nitrate-Nitrite 4,10E+00
Selenium 1.48E+02
Strontium 7.87E+00
Sulfate 5.82E+03
Thallium 2.15E+02
Uranium 1.84E+02
e e Vanad,i um e e e o e e e ey et et i ot i ey o ;2 ~., 8 7E+»0-3--v—~~~~—-»--'m-g——-»-»—v--——v e
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Table 5-18

Model| for Determining the Soil Concentration
of a Contaminant Representing Protection from
Noncarcinogenic Risk Posed by Dermal Contact with Soil

DRFD x HQ x BW

Csoil =
ESA x SA x AF x W/Y x CF
Variables:
Csoil = Contaminant concentration in the soil (mg/kg).
DRFD = Dermal reference dose (mg/kg/day).
HQ = Hazard quotient (unitless).
BW = Body weight (kg).
ESA = Exposed skin surface area (cm2/day).
SA = Skin adherence factor (mg/cm?).

_.AF = Dermal absorption factor (unitless). ... .. ..
W/Y = Number of weeks exposed per year (weeks/year).
CF - = Conversion-factors (10~ kg/mg; 1 year/52 weeks). -
Assumptions:

(1) The dermal reference dose (DRFD) for each contaminant 1s
presented in Table 4-5.

(2) The hazard quotient (HQ) is 1/19.

(3) The body weight (BW) of an average child aged 1-6 years is
16 kg (Anderson et al., 1985).

(4) The exposed skin surface area (ESA) is 1,350 cm2/day (see
text, Subsection 5.2.2.3).

(5) The skin adherence factor (SA) is 1.45 mg/cm? (See text,
Subsection 5.2.2.3).

(6) The dermal absorption factor (AF) 1is 0.02 (see text,
Subsection. . 5.1.2.3).

(7) An individual is exposed 40 weeks per year (W/Y).
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Table 5-19

Soil Concentrations Representing Protection from
Noncarcinogenic Risk Posed by Dermal Contact with Soil

Soil Concentration

Chemical (mg/kqg)
Organics
Acetone 2.80E+03
Bis(2-ethylhexyl)phthalate 1.43E+02
2-Butanone 1.40E+03
Carbon tetrachloride 1.96E+01
Chloroform 2.80E+02
1,1-Dichlorothane 2.80E+03
1,2-Dichloroethane 2.07E+02
1,1-Dichloroethene 2.52E+02
-Ethylbenzene. B .2.80E+03
Methylene chloride 1.68E+03
PAHs (total) - 1743E+01-
Tetrachloroethene 2.80E+02
Toluene 8.39E+03
1,1,1-Trichloroethane 2.52E+03
1,1,2-Trichloroethane 1.12E+02
Trichloroethene 2.07E+02
Vinyl chloride 3.64E+01
Inorganics
Arsenic NA
Barium NA
Beryllium NA
Cadmium NA
Chromium (as VI) NA
Cyanide : 1.43E+02
Iron NA
Lead NA
Lithium NA
Mercury 2.80E-01
Nickel NA
Nitrate-Nitrite NA
Selenium NA
Strontium NA
Sulfate NA
Thallium NA
Uranium NA
e - Vanad lU.m e e o S et et o e e et e s 2 on e .,_._M.,,-v,,,.,,,,,.__A,,,...,.‘,.NA_,,.,‘,.,ﬁ, s e ettt et ot < e ot e
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Table 5-20

Mode! for Determining the Soil Concentration

of a Contaminant Representing Protection from

Noncarcinogenic Risk Posed by the inhalation
of Airborne Contaminated Soil

IRFD x HQ x BW x CRF

(1)

Csoil =
IR x F; X PMjoEF x ASP x CF
Variables:
Csoil = Contaminant concentration in the soil (mg/kg).
IRFD = Inhalation reference dose (mg/kg/day) -
HQ = Hazard quotient (unitless).
BW = Body weight (kg).
CRF = Climatic region factor (unltless)
IR = Inhalation rate (m3/day). -
i = Unscaled concentratlon due to a un1t erosion rate
) (ug/m3)/(g/sec) . ) ' C
PM; pEF = PMjg (resplrable size partlcles) emlssion factor
(mg/m2/hr) .

ASP = Area of the solar ponds (m2).

CF = Conversion factors (1073 g/mg; 106 kg/mg;
10~3 mg/ug; 1 hr/3,600 sec).

Assumptions:

The inhalation reference dose (IRFD) for each contaminant
is presented in Table 4-5.

The hazard quotient (HQ) 1is 1/35.

The body weight (BW) of a average child aged 1-6 years is
16 kg (Anderson et al., 1985).

The climatic region -actor (CRF) 1is 0.0396 for cllmatlc re—
gion 3 (EPA, 1985b).

The inhalation rate (IR) of a child is 15 m3/day (NCRP,
1984).

Fy1 1s 4.789 for climatic region 3.

The PM;p emission factor (PMjgEF) is 4,097 mg/m?/hr.
(The PMjoEF is derived in Appendix G)

The aréa of the solar ponds (ASP) is 25,086 m2 (esti-
mated) .
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Table 5-21
Soil Concentrations Representing Protection from

Noncarcinogenic Risk Posed by the Inhalation of Airborne
Contaminated Soil

Soil Concentration

Chemical (mg/kqg)
Organics
Acetone 2.38E+05
Bis(2-ethylhexyl)phthalate 6.75E+02
2-Butanone 1.19E+04
Carbon tetrachloride 4,24E+03
Chloroform 6.62E+03
1,1-Dichlorothane 1.32E+04
1,2-Dichloroethane 5.43E+03
1,1-Dichloroethene .. ... . 2.65E+03 ...
Ethylbenzene 5.83E+04
Methylene chloride ~1.14E+05
PAHs (total) 6.75E+01
Tetrachloroethene 4.63E+04
Toluene 7.55E+04
1,1,1-Trichloroethane 3.97E+04
1,1,2-Trichloroethane 7.41E+03
Trichloroethene 3.57E+04
Vinyl chloride 1.32E+03
Inorganics

Arsenic 2.65E+01
Barium 1.32E+01
Beryllium 2.65E-01
Cadmium 6.75E+00
Chromium (as VI) 6.75E+00
Cyanide 6.75E+02
Iron 1.32E+02
Lead 1.99E+01
Lithium 1.32E+01
Mercury 1.32E+00
Nickel 1.32E+01
Nitrate-Nitrite 1.35E+03
Selenium 2.65E+01
Strontium 1.32F+03
Sulfate 1.35E+03
Thallium 1.32E+01
Ur an‘ivum‘u-ﬂ S e 1 .',3 SE+0 3 e 8 2 e s - i S e e e o
Vanadium 6.75E+00
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The model and assumptions that were used to calculate soil con-
centrations based on noncarcinogenic risk through the inhalation
-0f vapors are presented in Table 5-22. Because the X/Q factor
for climatic region 3 was shown to result in the most conserva-
tive soil concentrations (see Subsection 5.1.2.5), only the X/Q
factor for region 3 was used in the calculations. The calcu-
lated soil concentrations are presented in Table 5-~23.

5.2.3 Determination of Soil Concentration Based on Non-
Carcinogenic Risk Through All Exposure Routes Combined

The soil concentration of each site contaminant that would con-
tribute 1/35 of a hazard index of one through all exposure
routes combined was calculated using the egquation of Rosenblatt

et al. (1982). The multiroute soil concentrations are based on =~

- the so0il concentrations calculated for individual —exposure

routes in Subsection 5.2.2.
CCS-NC = 1/(1/CSI + 1/cVI + 1/cDC + 1/cIS + 1/CIV)
where,
The contaminant concentration in soil resulting

in the sum of the hazard quotients for all ex-
posure routes being equal to 1/35 (mg/kg).

CCS~NC

CSI = The contaminant concentration in soil resulting
in a hazard quotient of 1/35 based on incidental
soil ingestion (mg/kg).

CVI = The contaminant concentration in soil resulting
in a hazard quotient of 1/35 based on incidental
soll ingestion (mg/kg).

8337B
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Table 5-22

Mode! for Determining the Soil Concentration of a

Contaminant Representing Protection from Noncarcinogenic

Risk Posed by the Inhalation of Vapors

IRFD x HQ x BW x T

Csoil =
IR X Pgpil] X ASP x F3 x L x X/Q x CF
Variables:
Csoil = Contaminant concentration in the soil (mg/kg).
IRFD = Inhalation reference dose (mg/kg/day).
HQ = Hazard quotient (unitless).
BW = Body weight (kg). ~ ,
T = Time after the waste is applied to the soil (sec).
IR = Inhalation rate (m3/day).
. Pgpil] - = Density of the soil.(g/cm3%L
ASP = Area of the solar ponds (m<4).
Fa = Fraction of the contaminant -released  to--the air
during 70 years (unitless).
L = Depth of contaminated soil (cm).
X/Q = Contaminant concentration 1in air/emissions rate
(ug/m3)/(g/sec).
CF = Conversion factors (104 cm2/m2; 10~6 (g/q)/
(mg/kg); 1073 mg/ug).
Assumptions:

(1)

8337B

The inhalation reference dose (IRFD) for each contaminant
is presented in Table 4-5.

The hazard quotient (HQ) is 1/17.

The body weight (BW) of a average child aged 1-6 years is
16 kg (Anderson et al., 1985).

The time after the waste 1is applied to the soil (T) 1is
equal to a 70 year lifetime, 2.21 x 107 sec.

The inhalation rate (IR) of a child is 15 m3/day (NCRP,
1984).

The density of the soil (Psogl) is the density reported
for packed dry earth, 1.5 g/cm°.

The area of the solar ponds (ASP) 1is 25,086 m3 (esti-
mated) . :
The fraction of the compound released to the air during 70
years (F) is presented in Appendix Table H-1.

The depth of contaminated soil (L) is 121 cm (estimated).

(10} -The -contaminant—concentration—in--air/emissions—rate -(X/Q)}-—

1s approximately 4.789 (ug/m3)/(g/s) for climatic region
3 (EPA, 1985b).
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Table 5-23

Contaminant Concentrations in Soil Representing
Protection from Noncarcinogenic Risk
Posed by the Inhalation of Vapors

Soil Concentration

Chemical (mg/kqg)
Organics
Acetone 1.69E+06
Bis(2-ethylhexyl)phthalate 2.94E+07
2~Butanone 8.63E+04
Carbon tetrachloride 3.04E+04
Chloroform 4.71E+04
1,1-Dichlorothane 9.44E+04
1,2-Dichloroethane 3.89E+04
--1,1-Dichloroethene . .1.88E+04
Ethylbenzene 4.68E+05
" Methylene chloride 8.10E+05-
PAHs (total) 4.98E+04
Tetrachloroethene 3.50E+05
Toluene 5.68E+05
1,1,1-Trichloroethane 2.84E+05
1,1,2-Trichloroethane 5.50E+04
Trichloroethene 2.58E+05
Vinyl chloride 9.41E+03
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. =.The contaminant concentration in soil resulting
in a hazard quotient of 1/19 based on dermal
contact with soll (mg/kg).

Cig = The contaminant concentration in soil resulting
in a hazard gquotient of 1/35 based on the in-
halation of airborne contaminated soil (mg/kg).

CIV = The contaminant concentration in soil resulting
in a hazard quotient of 1/17 based on the in-
halation of vapors.

The soil concentration of each contaminant which results in the
sum of the hazard quotients for all exposure routes being equal
to 1/35 ~is.presented in Table 5-24. The soil concentrations
for the individual contaminants results 1in a hazard 1index

“(i.e., the sum of the hazard gquotients for all contaminants
~through-all exposure routes) of one.

5.3 TARGET CLEAN-UP LEVELS IN SOIL BASED ON THE PRESENCE OF
ALL SITE CONTAMINANTS

The final target soil clean-up levels are presented for the site
contaminants in Table 5-25. For the carcinogens, clean-up lev-
els were calculated based on both carcinogenic and noncarcino-
genic risk. The lowest (i.e., most conservative) clean-up lev-
el that was calculated for each carcinogen was considered to be
the final clean-up level; in all cases, the lowest clean-up
level for these chemicals was the one calculated based on car-

cinogenic risk.

--in— Subsections—-5+1-through~5:3-based—on--all—possible -site-————

5.4 DETERMINATION OF LOCATION-SPECIFIC SOIL CLEAN-UP LEVELS

Because sampling data were not available for the soils beneath
the solar ponds, clean-up levels were derived for these soils

5-38
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Table 5-24

Contaminant Concentrations

in Soil Representing
Protection from Noncarcinogenic RISK Through all
Exposure Routes Comb ined1

Soil Concentration

Chemical (mg/kg)
Organics
Acetone 9,47E-01
Bis(2-ethylhexyl)phthalate 1.11E+01
2—-Butanone 9.34E-01
Carbon tetrachloride 6.61E-02
Chloroform 6.06E-01
1,1-Dichloroethane 6.88E+00
1,2-Dichloroethane 2.99E-01
1,1-Dichloroethene 1.25E+00
Ethylbenzene 3.85E+01
Methylene chloride 1.69E+00
PAHs (total) : 9.,75E-02-
Tetrachloroethene 3.04E+00
Toluene ‘ 6.47E+01
1,1,1-Trichloroethane 1.39E+01
1,1,2-Trichloroethane 2.46E-01
Trichloroethene 1.11E+00
Vinyl chloride 2.16E-01
Inorganics
Arsenic 2.64E+00
Barium 1.21E+01
Beryllium 2.60E-01
Cadmium 1.65E+00
Chromium (as VI) 4,.63E+00
Cyanide 3.48E-01
Iron 1.30E+02
Lead 3.99E-01
Lithium 1.12E+01
Mercury 1.67E-01
Nickel 1.05E+01
Nitrate-Nitrite 4 .03E+00
Selenium 6.38E+00
Strontium 2.96E+00
Sulfate 1.04E+03
Thallium 2.05E~01
Uranium 1.76E+00
Vanadium 5.09E+00

~Tsum of the daily intake:reference dose ratios for” Tach-con=""

taminant (i.e.

in a hazard index of one.

8337B
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Table 5-25

Final Target Clean-up Levels for Soil
Based on All Site Contaminants

Soil Concentration

FRTeee—"

Chemical (mg/kg)
Organics
Acetone 9.47E-01
Bis(2-ethylhexyl)phthalate 1.89E-01(c)
2-Butanone 9.34E-01
Carbon tetrachloride 2.83E-03(c)
Chloroform 3.65E-02(c)
1,1-Dichlorothane 2.93E-03(c)
1,2-Dichloroethane 1.71E-03(c)
1,1-Dichloroethene 9.05E-04(c)
Ethylbenzene 3.85E+01
Methylene chloride 1.44E-02(c)
PAHs (total) : 1.61E-03(c)
.. Tetrachloroethene. . 2.45E-02(c)
Toluene 6.47E+01
1,1,1-Trichloroethane “1739E+01
1,1,2-Trichloroethane 4,17E-03(c)
Trichloroethene 5.36E-02(c)
Vinyl chloride 2.86E-04(c)
Inorganics
Arsenic 1.65E-02(c)
Barium 1.21E+01
Beryllium 1.05E-02(c)
Cadmium 9.54E-02(c)
Chromium (as VI) 1.41E-02(c)
Cyanide 3.48E-01
Iron 1.30E+02
Lead 3.99E-01
Lithium 1.12E+401
Mercury 1.67E-01
Nickel 7.16E-01(c)
Nitrate-Nitrite 4 ,.03E+00
Selenium 6.38E+00
Strontium 2.96E+00
Sulfate 1.04E+03
Thallium 2.05E-01
Uranium 1.76E+001
Vanadium 5.09E+00

1 Tentative clean-up level.

toxicity may be lower.

8337B
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~ o contaminants. - However,— the available sampling data indicate —

that not all of the organic site contaminants are present
throughout the soils surrounding the ponds and that not all of
the inorganic contaminants are present above background at all
site locations. Because target clean-up levels are based on
the assumption of the additivity of toxic effects, clean-up
levels are dependent on the number of contaminants present.
Therefore, location-specific clean-up levels may need to be
calculated for the soils surrounding the ponds.

The contaminants for each site location should be chosen using
the same approach as that used to determine the site contami-
nants for the site as a whole. The approach for selecting site
contaminants was presented in Section 2.0.

5.4.1 Location-Specific Clean-up Levels for Carcinogens

Clean-up levels can be derived for the carcinogens at each site
T risk soil concentrations that

location by adjusting the 10
were calculated based on all of the site contaminants (Table
5-12). The clean-up levels for the carcinogens which would re-
sult in a total 10 ° cancer risk at any given location can be

calculated using the following equation:

(5.4-1) TCL-C x 10
C =
CSL HCAR-SL
where,
CCSL = The soil clean-up level for a carcinogen at a
specific site location.
CCs-C = The contaminant concentration in soil posing
a 1077 cancer risk (mg/kg) (from Table 5-12).
#CAR-SL = The number of carcinogens at the site location.

5-41
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. 5.4.2 Location-Specific Clean-up Levels for Noncarcinogens

Clean-up levels based on noncarcinogenic risk need to be
calculated only for the noncarcinogens, since previous calcula-
tions (Subsections 5.1 and 5.2) indicated that for the carcino-
genic site contaminants, the 1limiting factor 1in determining
clean~up levels 1is carcinogenic risk. The clean-up level for
each noncarcinogen can be calculated using the following equa-

tion:

(5.4-2)

CyesL =

TCL-NC x #C-SITE

#C~SL
where,
CNCSL o = The soil clean-up level for 'a noncarcinogen
at a specific site location (mg/kg) - -
CCS-NC = The soil concentration determined for the
chemical based on the noncarcinogenic risk
posed by all contaminants (mg/kg) (from
Table 5-24 or 5-25).
#C-SITE = The number of contaminants for the entire
site (i.e., 35).

#C-SL , = The total number of site contaminants at

the site location

As an example, a theoretical site location can be assumed at
which the following are considered to be site contaminants:
arsenic, cadmium, chromium, lithium, nickel, and nitrate.
Based on their freguency of detection above background, and/or
reported concentrations above background (see Appendix B),
“these inorganicsareamong-the—site contaminants -that-are-most—— -

5-42
8337B



e
—cE DESGMERSCONSL TANTS.

likely to be identified as location-specific contaminants in

soils surrounding the ponds. Of these chemicals, clean-up lev-
els for arsenic, cadmium, chromium, and nickel would be based
on carcinogenic risk and those for lithium and nitrate on non-
carcinogenic risk. The clean-up levels for these contaminants
at the theoretical site location, calculated using equations
5.4-1 and 5.4-2, are presented in Table 5-26. The cleanup lev-
els that were calculated for these contaminants based on all
site contaminants combined are also presented for comparison.

5.4.3 Assumptions and Uncertainties

The approach used to derive clean-up levels at each site-spe-
cific location should be viewed as an initial approach which
can then be modified, depending on the sampling results at that
location. The approach is based on the additivity of the risk
“of individual- chemicals, each of which is allowed the same

‘weighted risk (i.e.; either the-same fraction of the hazard in- -

dex or the same cancer risk). Technically, however, there are
innumerable combinations of soil concentrations which could re-
sult 1in goals of a hazard index of one and a lifetime total
cancer risk of 107° (i.e., 1if the concentration of one con-
taminant is lowered, the concentration(s) of another contami-
nant(s) may be raised without changing the overall risk). For
example, 1f the sampling results indicate that a particular con-
taminant is present at a given location at a concentration that
is below the calculated clean-up concentration, the clean-up

concentrations of the other contaminants may be raised accord-

ingly.

At locations at which there are both carcinogenic and noncar-—
cinogenic contaminants, the clean-up levels for the noncarcino-
gens can be higher than those that would be calculated using
equation (5.4-2). The clean-up levels for the carcinogens will
be based on carcinogenic risk, because the cancer risk-based

~clean—up-—levels-—are-lower -than -those based on noncarcinogenic——

5-43
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Table 5-26

Comparison of Target Clean-up Levels for Contaminants
at a Theoretical Site Location with Target
Clean-up Levels Based on All Site Contaminants

Soil Concentration

(mg/kqg)
Based on
Theoretical All Site
Site Locationl Contaminants?2
Arsenic 7.03E-02(c) 1.65E-02(c)
Cadmium 4,.05E-01(c) 9.54E-02(cC)
Chromium 6.00E-02(c) 1.41E-02(c)
Lithium 6.53E+01 1.12E+01
Nickel 3.05E+00(c) 7.16E-01(c)
Nitrate-Nitrite .. 2.35E+01 ... 4.03E+00....

1 Calculated for a theoretical site location at which only
the six listed chemicals are identified as site contami-
nants.

2 Site location at which all 35 site contaminants are assumed
to be present (from Table 5-24).

(c) Clean-up level is based on carcinogenic risk.
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the noncarcinogens take into account the noncarcinogenic risk
posed by the carcinogens. Because the carcinogens will have to
be cleaned up to lower levels than those based on noncarcino-

genic risk, the clean-up levels for the noncarcinogens can then

be raised proportionately.

Finally, as previously indicated in Subsection 5.2.1, the as-
sumption of additivity in determining the potential for noncar-
cinogenic health risks is most appropriately applied to chemi-
cals that produce the same toxic effect by the same mechanism.
If the contaminants at a given location have different noncar-
cingenic toxic effects, it may be possible to raise the target
clean-up levels by segregating the contaminants according to
their mechanism of toxic action and then determining clean-up

levels for the chemicals within each group.

5-45
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APPROACH TO CALCULATING THE UPPER LIMIT OF THE TOLERANCE
INTERVAL FOR THE BACKGROUND SOILS DATA

In order to develop representative background data, samples were
collected from the surficial and bedrock soils in the plant
buffer zone to the southeast and northwest of the plant. The
primary determinant for use of the appropriate statistical
method for comparison of background and non-background chemical
concentrations is the percentage of values above analytical de-
tection limits. If there are less than 10 percent detects for
a particular parameter, tolerance intervals based on the Poisson
distribution are appropriate; if greater than 10 percent and
less than 50 percent detects occur, a test of proportions is

" appropriate; and 1f greater than 50 percent detects are en-
~countered, tolerance intervals based on a normal distribution

or analysis of variance (ANOVA) are appropriate (EPA, 1989e).
Tolerance intervals based on a normal distribution were cal-
culated when greater than 50 percent detects were encountered.
“Pll
percent of a population with "P" percent probability (level of

Tolerance intervals define a range that contains at least

confidence) (i.e., upon repeated sampling, "P" percent of the
calculated intervals will contain "p" percent of the popula-
tion). Tolerance intervals answer the question: where do most
of the observations lie?

For the tolerance interval to be useful in decision making, both
“p" and "P" are chosen to be large, in this case, p = 0.95 and
P = 0.95. An on-site chemical concentration that lies outside
of this interval may represent a contaminant released from the
site.
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A tolerance interval is either one-sided or two-sided. A two-

sided tolerance interval is appropriate whenever a concentration
either larger or smaller than background may be associated with
a contaminant release, e.g., pH. In the case of soils, one-
sided tolerance intervals are appropriate where an increase
over background concentrations are indicative of releases. A
two-sided 1interval is defined by two limits (L1 and L2)
where a proportion "p" of the population 1is contained between
the limits L and L, with probability "P". An upper (or
lower) one-sided tolerance limit is defined so that "P" percent
of the population is less than (or greater than) the upper

limit Lz.

The upper limit tolerance interval for the background soil data |

was calculated using the equation:

L2 = X + Ks
where,
L, = upper tolerance interval
X = mean of the sample data of sample size n
s = standard deviation of the sample data
K = the normal tolerance factor (dependent on p, P, and n)

"K" wvalues were obtained from Table A-1.

Some inorganic constituents will be undetected in background
soil samples. Spécial procedurés are thus needed to compute the
mean and standard deviation of a population when a significant
number of the observations are below the detection 1limit. A
data set is termed censored when not detected (ND) observations
are present in a data set, and some assumption must be made
about the statistical distribution for the entire data set. A
technique for calculation of the mean and standard deviation of

A-2
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Table A-1

Tolerance Factors (K) for One-Sided Normal
Tolerance Intervals for 95 Percent of the Population
at 95 Percent Confidence

n One-Sided
2

3 7.655
4 5.145
5 4.202
6 3.707
7 3.399%
8 3.188
9 3.031
10 2.911
11 2.815
12 2.736
13 - 2.670
14 2.614
15 - 2:566
16 2.523
17 2.486
18 2.453
19 2.423
20 2.396
21 2.371
22 2.350
23 2.329
24 2.309
25 2.292
26 2.278
27 2.263
28 2.249
29 2.234
30 2.220

35 2.166
40 2.126
45 2.092
50 2.065
60 2.017
80 1.962
100 1.924
200 1.836
500 1.763
1,000 1.727

A-3
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_such _a data set was developed by Cohen and can be used 1f the

data are normally distributed.

The Cohen procedure is as follows (Doctor, Gilbert, and Kinn-
ison, 1986).

Let:

n
k

X
o}

The total number of observations for a constitiuent

Number of actual measurements out of n (not NDs)

The detection limit of the constituent

Then:

1)

3)
4)

5)

6)

Compute h = (n-k)/n (the proportion of measurements below

the detection limit).

Compute xu"='(sum of x. for i =1 to k)/k.
2 2 .

Compute S u = (sum of (xi—xu) for i = 1 to k)/k.

) 32
Compute t = 8% /(X %)

Obtain an estimate of lambda (la) from Table A-2 using h
and t.

Estimate the means and variance of the population from which
the censored data set was drawn by computing:

X

S

X - la (xu—x ) and

u
[82 u + la (xu—xo)z]l/2
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,‘ Table A-2 ,
Values cf 1 for Estimating the Mean and Variance of a

Normal Distribution when ND Yalues are Present

h
T .01 .Q2 .03 .06 .03 .06 .07 .08 0.9 .10 .15 .20 T
.00 .010100 .020800 .030902 .OM1SE3 .032507 .063627 .074953 .086A88 .0962% .11020 .17382 .28268 .00
.05 010851 .02129% .032225 .0A3350 .0SA670 .066189 .077909 .083983a .10197 .11a31 17935 .15033 .03
.10 .010950 .022082 .033398 .0MS02 ,036596 ,068483 080568 .0928S2 .10534 .11808 18479 ,257M1 .10
.15 .011310 .022798 .03a466 .0A6318 058356 .070586 .083009 .095629 .10845 12188 18988 .26M05 .13
.20 011642 023459 .01SAS3  .0A7629 .059990 .072539 .08S280 .098216 .11135 .12069 .19460 .27031 .20
.25 .011952 .028076 .036377 .0M88S8 061527 .078372 087813 .1006€5 .11808 12772 .19910 .27626 .25
.30 .012243 .026658 .Q37289 .0350018 .062969 .076106 .089433 .10295 .11667 .13059 .20338 .28193 .30
.35 .012520 .025211 .038077 .0S1120 .06434S 077756 .091355 .1051S .119184 13333 .20787 .28737 .35
.40 ,012786 Q25738 ,038866 .052173 .065660 .079332 .093193 .1072S .12150 .13595 .21139 .29260 .M0
.45 013036 .026263 .03962% .0S3182 .066921 .0808AS .094958 .10926 .12377 .13BA7 21517 .29765 .AS
.50 .013279 .026728 .0M03S2 .0SA1S3 .068135 082301 .096657 .11121 .12595 .1s090 .21882 .30253 .50
.55 .013513 027196 .0sM1058 055089 .069306 .083708 .(098298 .11308 .12806 .18325 .2223S .30725 .58
.60 .013739 .J176A9 .021733 .0S55995 .070839 085068 .099887 .11490 .13011 14552 .22578 .3118 .60
.65 .013958 .028087 .0M2391 056874 .071538 .086388 .101a3 11666 .13209 .14773 .22910 .31630 .&5
.70 018171 (028513 .083Q30 .057726 .072605 .087670 .10292 .11837 .13402 .14987 .23236 .32065 .70
.75 .10M378 028977 .0A3E52 .058556 .0736M3 088917 10438 12004 13590 .1S519%6 .I3550 .32s89 .73
.80 .018S79 .029330 .0MM2SB .05936M .074655 ,090133 10580 .12167 .13773 .15M00 .23858 .312903 .30
.85 .01&477S .029723 .0aA8A8 .060153 .0756A2 .091319 .10719 .12328 .13952 15599 .2Mm158 .33307 .85
.30 .014967 ..030107 .0A5425 .060923 .076606 092877 .108SA 12880 .18126 .15793 .2%452 .33703 .30
.95 015158 030483 .0A5989 .061676 .Q0773549 093611 10987 .12632 ,14297 .13583 2080 IO .95
- 1.00 " 015338 .030850 -.0M65A0 - 062813 - 078471 094720 11116  .12780 18865 .161707 25022 38471 '1.00
n h

< i .30 .35 .40 .45 .50 .55 .60 .65 .70 .80 .90 T
.00 .31882 .M . 981 .5961 .7096 .8368 .9808 1,188 . 1,336 1.561 1.i7& 3.283 v 1]
05 .37793 . M130 .5066 .6101 .7252 8540 L9994 1,166 1.358 1.585 1.203 1.31a .05
.10 .33662 .a33 .S184 6234 .7%00 .5703 1.017  1.18%  1.379 1.608 2.229 3.3A8 .10
<13 . 3Ma80 .M130 .52%€6 .6361 7542 .8860 1.038  1.200 1.400 1.630 2.255 3.376 .15
.20 .33255 .a22 .5403 .6M83 .7678 9012 1.0581 1.222 1.819  1.651 2.280 3.M0S .20
.23 .35993 .a810 .S306 . 6600 .7810 .9138 1.067 1.280 1.M3%  1.672 2.305 1.M3S .23
.30 36700 4595 3604 6713 .7937 2300 1.083 1,257 1.057 1.693 - 1.329 3.M66 .30
.33 .3T7379 .a676 .3699 .6821 .8060 . 9437 1.098  1.27%  1.076 1.713  2.353 3.a92 .35
80 38033 ,a7SS ST .6927 .8169 .9570 1.113  1.290 1.A9% 1,732 2.376 3.520 .40
.05 38665 .a831 .5880 7029 .8295 .3700 1.127  1.306 1.511  1.751 1.399 3.547 .45
.30 .39276 (4904 .5967 7129 .3808 .9826 1.181 1.321  1.528 1.770  2.821 3,373 .30
.55 .39870 .\976 . 6031 L7225 .8517 .2950 1,155 1.337  1.505 1.788 .83 3.600 -1 1
.60 .NOM7  _SOAS .6133 .7320 .8625 1.007 1.169 1.351 1,561 1.806 1.3 3.628 .60
.85 .41008 .S11a .6213 782 .8729 1.019 1.182  1.366 1.557 1.82% 1.M86 3.65% .63
70 .M1885 5180 .6291 .7502 .8832 1.030 1.195 1,380 1.593 1.5 2.507 3.679 .70
<75 .M2090  .S28S .6367 .7590 .8932 1.082 1.207 1.39% 1,508 1.858 2.528 3.70S .75
-80 .42612 .5308 N ol .7676 .3031 1.083 1.220  1.408 1,626 1.875 1.588 31.730 .30
-85 .a3122 5370 .6513 7761 a1 1.066 1.232  1.822 1.63% 1.892 1.568 31.73% .83
.30 (83622 ,5430 .6586 L7800 .9222 1.078 1.286  1.835 1,653 1.308 1.588 3.77 .30
.35 Laa112 0 5a90 . 5656 .7928 L3316 1.085 1.255  1.M8 1,668 1.92¢ 2.807 3.803 .33
1.00 .¥4592 S5a8 .672% .8005 . 3806 1.095 1.267  1.%61 1.5‘82‘ 1.9%0 2.626 1.827 .00
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e APPENDAX B

SELECTION OF SITE CONTAMINANTS -
- COMPARISON OF SOLAR POND SOIL DATA WITH BACKGROUND SOIL DATA

Summaries of data that were used in screening inorganics and
radionuclides as site contaminants based on a comparison with
background are presented in Tables B-1 through B-12. The data
are summarized according to soil type: alluvium (Tables B-1
through B-3), colluvium (Tables B-4 through B-6), sandstone
(Tables B-7 through B-9), and claystone (Tables B-10 through
B-12).

Table B-13 contains a list of the inorganics and radionuclides
which were eliminated as site contaminants and indicates the
- reasons for their elimination. Those substances which  were
considered to be above background in one or more soil types are
presented in Table B-14. There were some substances that were
judged to be borderline, based on the available data (i.e., the
sampling data did not clearly indicate if the chemical is pres-
ent above or below background). The borderline chemicals were
conservatively assumed to be above background.

0150L



o -9

*(an)ea punoabydeq 3saybiy

"1BAJ2IUL 23UBI2101 OU 243YN,) S1BAIBIU] 23URI3|O) PUNOIEYILg BUQ PuUNOY 6861 U0 paseq sanjeA punocsbyoeg

("PepPN)IX3 S uoijeptiea Buiinp paidafaus ele@) “eiep 31Ge|(AE }|e UO Paseq aBEJIAY Pue ‘WNWIXe :SIJON
. , RITTRRVCISELTENR

i

; 0869° 49 21-got ] t8 y9°28 uz) | ouLz
M £999°69 6°¢8 9 I8 2998 € A) lunipeuep
: 0 Iy «00°8€€ (us) ! uty
: 650£°S 85%Y°§ 1 18 nos-1 1) [wntyjey)
! 492 1141 ‘9 18 +00°922 (45) untyuoiis
M 2602 0°8.5¢ 6 ig no0*0L0L (eN) | uwnipos
m 0 19 +06°0Y9 (By) ' Jaayts
052271 £l £ 18 Lo (3s) ‘uniua)ag
6909 002§ ! {8 00°9¢¢¢ ( A) unissejog
P4 96°29S L 18 279y GRY | 14N
, 0 6L 59°'8¢ (op)unuapgdon
‘ 000801 80l it I8 *85°0 (6y) | Aunoaap
W 795 2L-208 9 i8 06°22% (UW) @sauebuey
M 2295 0Lt Y 18 00° 524y (6W) unisauben
: 8gY 9.2 (2 08 09" 9y () wnyay
“ 9826702 22 2\ \g 40°81 (Qd) | peaty
| 10622 00S€€ Yl 18 00° 91622 (24) | wouy
25E1°42 08%°8S 2l (8 £0°02 (n3) . Jaddo)
1956712 82962 £ I8 «02°81 (03) © 13ieq0)
w £8¢ 057082 9 i8 06° L€ (43) uniwouyy
W 0 2y n00°202 (s2) © unisag
: 60006 A 827191 s2 18 00° 6208 (8)) - unioyed
, 9098791 £L761L 22 ig $02°¢ (PJ) | uniwpe)
» 6 19 221 (ag) uni) 1408
, 261 692 1 8] 08551 (eg) ' wntivg
w 0052°22 s¢ £ I8 9861 (sy) = diuasay
6519721 si9° 24 l i8 not-21 (qs) ;Auowiiuy
9901¢ 0oz2¢ Y 19 00°21€52 Qv) unutuny
vrﬁo.hmxumm sAO0qQyY aMNYeA E;uxucm JA0QY $3\1Nsay aMNnjeA vu\:mc<

. SaNjeA jo vmmga>< W | XB i 811NSIY JO JIQUNN 30 JaQUNN go._uxuwm ,

PUNOJBX08Y SPIFOXI BNJBA WNLIXBU Y UIYM paisoday,

By /bu NI SNOIILVYINIONOD TIV
HOIAQTIV SIVIA XMOOH NI ANNOYDIONVE HAOGY
SNOILWVHINIONOD INAALILSNOD TIVLIAH IVLIOL
8T1I08 ANOd NOIIVNO4AVAHR dUVIOS

T-4 21q8L

e TNy P




£-4

-(an)8A pun01bydeq 31S3YBIY ‘]8AJSIUL 9JURII|OY OU 9J3yM,) S|BAIIIU] IDUBJI|O| 686} UO Paseq Sanjea punosbiyded :
*(papn|Ixa S| uollepijea. Bulinp pa}dalal elep) elep aqe)ieAe |8 UO Paseq a6BUIAY puUB ‘wrwixey :SIION

Tllwi) Uo13123320-n |

| . 0 08 #00°¢1L 3pLIIns
| L0 08 "9°6 | Hd
| 09¢ 00%¢ 6% 62 #08°Y N S8 31143IN-238J3LN
1
”,vc:o;mv_ucm aAoqy dneA v..-..o,,.mu_um,m aaoqy $3\1Nsay aMNjeA ajhyeuy

sanjep jo abe.aay [T TR 1] wu_:mvz 40 JoqunN JO Joqunp punoJaByoeg

H i
{
H

m punoibydeg SPIaJIXI I JEA UNUWXEW Y)Y UIYM paysoday

| DA/9H NI SNOILVHINIONOD TIV

HATIANTIV SIVIA XMOOH NI ANNOYOAONVL FAOHY
SNOIIVYINIONOD ININLILENOD DINUDYONI

] . 871108 ANOd NOILVHOdVAd dVIOS

Z-9 21qulL



- |

("pasn sy anjea punodbxydeq 3153ybLy ‘1BAJ3IUL 3DUBJI|0) OU 3I3YN) "S|BAJIIIU| IIEBII|O) £Q6| UO paseq sanjeA punoubyoeg
: ‘elep aqejieAe |je uo paseq abeJIAY pUB ‘WnuiXel ‘WNWIULK 1SDION
A11A110Y 3)Ge123390 WHMIIUIKW- YQWs

£l 82 g2z unipey

¢
0 £l ££°1 922 unipuy
8¢ 9l 2 2§ 19°0 funiivgy
0 vl 80°0 2€1 wnisa)
20 22 . i 8¢ 20°0 {92 WNID LIy
22 8l M Y1 s 20°0 0%2 '6£2 wniuoin)d
0 15 220 06 '68 wniiuoils
8"l g2 9 15 ) IS} B2 uniueun
oL°0 (1] Y €1 60°0 §gZiuntueun
81 0y 9 LS 670 yg€2 'gge wniueln
0 tS 68°9¢ e19g $5049
69 oLl 4y s LL2g eydjy ssou9
punoabyoeg aaoqy E LT vc30¢axucm JAoqy S} 1nsay e fa3dyeuy
San18A j0 abeuaAy wnw | xey 81 )NS3IY JO JIQUNN J0 Jaquny puno..Bioeg :

punoJbyoeg sp3adoxa anjeA wnwixew Iyl uvays pajsoday

(un§3 a3 03 Tw/¥0d) whH/TDd NI SNOILVIINIAONOD 'ITVY
HATAQTIV SIVId XMOO0d NI ANNOUDAOVE FA0dY
SNOILWIINIDONOD XUISIWIHOOIAVH 'IVIOL
8TI08 ANOd NOIIVYOdVAd ¥V108

€- 91qeL ;

...... et e [p———— - - PR e e e S P |



£6SE

0005°22
|

| 1256751
" S069° L8

i 9966¢
{ 684872

0000°8

. punoabyoeg aaoqy
'sanjeA o 96843AY

S-4

-(an)ea puno.bydeq 15ayBLY ’|BAISIUL IIUBSD|03 OU 3J3YM,) S|BAIIIU| 3JUEI3|0] PUNOJBYIEg BUQ PUNOY §B6L UO PIseq Sanjea punosbxyoeg
("papn)oxa st uotiepijea Buiunp paidafat eieq)

‘ejep ajqejleae ))& UO paseq aBRJIAY pue ‘wnwixXel :S310N
“11wL) Uo132332Q-N;

0 8l oL"86 u) ouLz
0 8l 0285 ( A) wnipeuea
, 0 0 #00° 199 (us) M ui]
0 8l noL-2 Q1) waneyy
: [4] 8l oL LY (4S) whi3juoJlg
W 0 8l «00°089€ (eN) | wnipos
! 0 8l . 057 €€ (6y) | Jaayis
0 8l noL-1 (3s) Wniuayes
0007 £ 218 00°6842 ( %) wnisselod
0 g1 0%°S¢ (LN) | 1ADIN
0 8t 8L°2¢ (oW)unbapgh jou
0 8 «77°0 (BH) | AJnddoR
0 8l 0L"6%S (uW) asauebuey
0 8l 00° 1§19 (6W) unisaubey
0 81 olL-2¢ (1w
82 2 8l 0%°92 (qd) :  peal
0 gl 00° 16662 (31) ¢ uoy]
0 8t 02792 (n3) i J3ddojp
256°St l gL »06°6S1 (03) | 31eq0)
8.7 68 2 8l 08°92 (42)  wnwouy)
0 0 »00° 922 (s3) | unysag
“1066% 4 gi 00° 11802 (el3) ;unidje)d
$S50°Y 9l 8l ~08°1 (P3) untupe)
0 gl Sl (9g) uni)iAsag
0 8l 08°SY¢ (eq) uniieg
0'8 1 81 0L°2 (sy) | ouassy
0 gl noo-gi (qs) Auowiiuy
0 8l 00°£9912 (1y)  wnuiwny
, M
INWA punoaByoeg aAoqy $))nsay anep 31Ajeuy

wnw i xen 831NS?Y JO JIqUNN 30 JaquINN punoiByseg

PUNOJBXI8G SPAIDXI INIBA WNWiXBW YY) Uaym paldoday

€ g by

§oags At

& gt
§

" By/bw NI SNOIILVHINIONOD 11V
ROIAQTIOO NI ANNOYDAOVH FAOAV

SNOILWVYINGAONOD INANLILSNOD ITVLIAH TVLOL

81108 ANOd NOIIVHOdVAd dVT08
| p-€ 21qBY,

o st raeng X wormepans = T I . - e




9-d
*(anjeA punoibydoeq 38ayBiy *|RAJRIUL DIURII|O) OU IUIBYM,) S|BAIIIU] BDURIA)OL 6841 UC Paseq sanjea punolbydeg ,
*(papN)oxd Si UoIIepl|eA Bulinp pa13afaJ elep) eiep aqe)leAs }]B U0 PIseq a6BJIAY pue ‘wwiiXel :S3IION
W 31w U01333130-N |

t
i

0 8i »00°§ 3pi4ins
| 0 gl 8%°6 Hd
W 061 (53 8 gl 12°Y N Se 31LJIIN-33RITIN
W punobyoeg sAoqy MNYVA vc:OLquco dA0qY s}|nsay A | 81Aeuy
wmu:_m> J0 abeuaay wnw | xey 831NS3Y O JaquNN J0 Jaquny punoJByseg
|

punoJlbyoeg SPaddxXa aNeA unWixew ayy uaym pajsoday

9M/9H NI SNOIIVYINIONOD 1TV W
| WAIANTTIOO NI ANNO¥OIOVE FAOAW w
| . SNOIIVUINIONOD ININIILSNOD OINVDYONI
| 87108 ANOd NOILVYOdVAT UVIO0S

G- °Iq8L




L-g w

("pasn s1 anjea punoubydeq 1saybiy ‘jeasazuy 3JURI3)0) OU JIBYN) "S)BAIIIU] IIURIINOL 4861 LO Paseq sanjea punoubyoeg ;
‘elep aqejleAe ) |B U0 paseq a6BJIAY pue ‘WNWiXER ‘WNWIULK "mmvoz
AYLAL1DoY 3)1ge32a13g WWLULH-YOR

0 28°€ gzz unipey

‘0
, 0 0 6572 922 wnipey
j 671 0°€ 2 gt 0£°0 TRERD
] 0 -0 LEL wnisa)
6570 65°0 1 8L 100°0 Ly2 wnidLaouy
A 6 S°f 4 gl 20°0 0v2 ‘652 wniuoinyd
, ] ] 8L'0 06 ’68 wniiuoans
, ANt L4 1 gl 89°1 g£2 wniueln
0 0 0 gge uniueun
L'g '€ l gl 9L 9¢2 ‘gg2 wniuean
0 gl gLs¢ 8124 $5049
0 gl 12718 eydjy ssoun
‘ punoJbydeg aAoqy anjep punoJubyoeg aAoqy s1\nsay . AMYBA ; 3jAyeuy
; SaNNEA JOo IBeIIAY [ T8 1] S1\NSay 4O JIQUNN JUINEL 1T g1 punoJbyoeg

punosbyoeg SP3adX3 INYEA WNWIXEW Y3 UIYN pIIsoday

(un§3¥a3 I03 Tw/310d) wWH/TOd NI SNOILVIINADNOD 1TV !

KOIANTTIOD NI ANNO¥DIOVE FA04V M

SHOIIVHINIONOOD XUISIHAHOOIAVY TVIOL |

: 81108 ANOd NOILVYOdvVAd HUVIOS w

9-4 °21qs8L

et [ P o~ —— 7 meme—— PR " e - T e [ELNNRATN



8-d
<(anjea punoaBxoeq 3saybiy ‘1eAJalul 9DURJII 0 OU 3JayYM,) S)1BAJIIU] JduEJD)O] punoibjseg aug punoy &g6L UO paseq sanjea punoabyoeg
("papn)axa St uotiepiea Burunp paioalals eieq) -eiep djqejleae 1€ U0 paseq abeliaAy pue ‘unuixed :S3

i
i
10N
*311Wi7 u0t12312Q-N |
|

'
i
i
i

!
!

: 9686748 6°06 I4 8¢ »06° 64 z) ULz
j y62L° &Y 6" 09 6 82 #02°22 ( A) unipeuep
“ 0 ol »00°892 (usy Ul
“ 0 82 noz"2 (1 wnneys
i 92t 681 |4 82 »02°69 (4S) wntjuoals
i £861L 0228t 2 8¢ noo" 0204 (eN) | unipos
| 0 82 #0721 (By) | J0A11S
] 0 82 noL-1 (3s) uniuayas
W 2091 005§ i 22 Nno0" 04014 ( %) unissejod
j 0§81 795 S£°99¢ 8 82 #0£° %1 (IN) | 193K
| 0 82 »02° 18 (OW)WNUaPQA 1 OH
m 0 82 #12°0 (BH) Aandsan
! 2€ 08° 207 £ 82 »00°$0€ (up) asauebuen
_ sg62 5 6288 2 82 »00°0252 (6W) wnisauben
” ] 92 x00°2 G wniya
| 0005°81 92 9l 82 %097 €1 (qd) | pead
: 22602 00482 9 82 »00° 0052} (a4) | woug
| 0962722 0£8° 1€ Yy 82 «09°61 (n)) | 4addo)
: 0 82 »05°02 (03) : eqoed
| 951 667119 9 gz »0L 04 (42)  uniwouy)d
0 ol noo-£12 (sJ) | wnisa)
! 80261 * 40905 9 82 «00°0%65 (8)) [unioe)
! §20%°2 116°¢ 8t 82 not-t (p2) jwniupe)
X 2069°€ 22 2 82 %0272 (28) wni114198
W 691 691 ! 82 »00°591 (eg) | untieg
m 81§89 9492 9l 82 £09°€ (sy) ‘owuasay
m 0 82 noB 2L (gs)  Auowiiuy
| teaut oezil 1 82 «00°00£01 (1v) unuiunyy
| punoabyoeg aAoqy FYILTY punoiBxaeg aAoqy s3jnsay snjeA [ 21k 0y
sonjep jo abeUaAy wnwi xen $)INS3Y O JIQUNN 40 JoquNN punoabyoeg W
i

puno.B3Jeg SpPaadxa aNjeA Wnwixew aY) Uy pajJoday

6x/hu NI SNOIIVHINAONOD T1IV M
INOLSANYS NI daNNO¥OAOVd FA0HY :

SNOIIVHINIONOD INAALILSNOD TVULIW TVLOL ;
, 8TI08 ANOd NOILVHOdVAT ¥VI0S w

'

M L-4 9148 !

i

vt ER——




6-4

T(anjeA punolBydeq 3SayYBLY . ‘1BAIIIUL JIULI2]0) OU IIIYM,) S]BAIIIU] BDUBII|OL £86L UO PISEq SanjeA punoubyoeg .
*(papn1oxa s} uollepilea Bulunp paidalal elep) BIEP 3QE|1EAB ]]E UO paseq abelaAy pue ‘Wnwixen SIION

0 (¥4

0 se

19 8¢9 .St 14
~ punosbyoeg aroqy anjep puncJabydeg 2A0qy s1)nsay
30 Jaquny

sanjep 40 abesany unuw| Xep $31)NSIY O JIqUNN

punoubxoeg Spaadoxa anjeA WNWIXBW 3yl UIYM pajJoday

OM/5H NI SNOIIVHINIONOD T1IV

INOLBANYE NI JNNOYDADVL JTAOHY
SNOILVYINIONOD ININLILSNOOD OINVDYONI
81108 ONOd NOILVYYOdVAA YVTI03

8-4 91qs8],

PR [ jiectasss R - PN R L s s

|

SJWLY Uo112333Q-Nn w

L ap1ying

»00°2 A
»02°6 ; wd
w0671 N S& 931JIIN-31CIIIN

e

|
,8njeA I a3Aeuy

!

puno.itxoeg !



01-9

("pasn st anjeA punocubydeq 1saybiy ’18AJIIUL IDUBJ3|01 OU 3J3YN) “S|BAJAIU| IIULII|0L 4Bl UO Paseq sanjea punoubioeg

‘elep aqe|ieAe ))e uo paseq 3a6RJIAY puB ‘UNWIXBW ‘WNWIULK S3ION

A11A110Y 31qeyds3aq WAWLULKH-VOHy

mwm wnipey

0 0 Ol

¥i] i} ~00° 1 922 wnipey
€¢ 8¢ ] 81 ¥6£°0 funtaayg
0 0 x00°0 L wnisa)
080°0 80°0 . { 8l i00°0 192 Wniotaowy
: 0 8l «l0°0 g%2 ‘6g2 untuoinyg
m 0 81 »0%°0 06 ‘68 Wniiuoals
€1 91 s 81 20071 8£2 wniuedn
| 0 0 £0L°0 Sg2 wniue.n
2 2 , ol 8l #0870 yg2 ‘g€g¢ wnyueun
2L (33 Y °1) «00°62 e)ag $S049
39 6% I 81 £00°2€ eyd1y s$049
punoJabyoeg asoqy anjep punoJabyoeg saoqy $31Nsay anjep 31k euy

| sanjep jo abeuaay wnuwi i xey S3INSAY JO JIquNN 30 JoqunN nc:o._mxumm

punoJB)oeg SPaadxa anBA WNWIXBW IYI uays parloday

(umy3TIy J03 TwW/TOod) WH/TDd NI SNOILVIINIONOD TIV
ENOLSANVS NI ANNO¥OAOVE HAOHY
: SNOILVHINIONOD XHISIWAHOOIAVH 'IVILOL
81108 ANOd NOIIVNOdVAT HUVI0S

6-94 2IqsL

cdsinybigy | e e — P g s oo T SR - N



11-4

(3n1eA punoJbydeq 3saybiy ‘1BAJaIUL 32UBJIS10) OU FJ3YM,) S)BAJIIU] 3JUBI3|O PuUnOIBAILY BUD PUNY 4G6L UO Paseq sanjea punoubyoeg

6Lt
S65%° 6%

2068€°S
291
€791
0002°1

0891
08497 %6

gsel
2128

0056719

BILL 62

56662
§9sS°E

80S
0s2£°42

L68Y1

i punolbxyoeg aaoqy
£ SaNjEA JO abedaay

("P3pn1oxa S1 uojlepliea Bulinp pajoaled eieq) -elep a|qejleae )8 UO paseq 3aBEJIIAY pue ‘wWHwLIXEN :SIION

‘1Y u01123330-1
267821 : £ Y 02°901L (uz) | sz
004 6% 2 3] 0L Ly ( A) unipeuep
” 0 € »00° %22 (usg) | ut
60%L°S ) s vy noL-e Q1) wntgjeyy
01291 4 1 94 297991 (4s) wnyuvols
2° L9t € 11 N00" 0901 (en) | uwnipos
0 11 £02°81 (6y) | JaAlLs
2'1 ! vy noL-i (3s) wntuajag
0022 8 11 x00°00%1 ¢ X) unisseiod
SLy°%6 t 9y C 66798 CIN) | 133N
0 £Y 89°¢€ (OW)unuIPqA oK
0 77 »$£°0 (6H) | A4NDdiay
674521 3 99 00° 959 (UW) 3sauebuey
L-2128 'l 9y 00°968% (W) untsaubey
0 13 LE°€€ (1) wnyan
6°98 2 vy 0$° 9§ (Qd) | pean
0 9y 00°5621Y (34) uod]
0 13 29°0¢ (n3) Jaddo)
0 11 »02°62 (02) 31eqo)
616716 '8 vy 25791 (42) wniwoay)
(] € no0°212 (s2) 1 wnisa)
“94%868 I vy 00°¢8L01 (el) | unidje)d
99°001 1Y 13 not -1 (p2) | woupe)
0 vy 0811 (2g) unt)14Au0g
0g°616 € Y oL 0%2 (eg) . uwniieg
49 6 vy 50°51 (sv) | dtuasuy
0 99 »02°9L (9s) Auowtiuy
66951 1] vy 00°S6%€t Qv) unutunyy
SNeA E..o..mxucm dAoqy $3)1nsay SNY8A ufﬁc:«

wwiXeW - S3|NS3Y JO JIQUNN J0 Jaquny punoibyoeg

puUNOJBY3BE SPaadXa IANIVA WAL XEW 3y} UIYM patJdoday

e e e EER—

by /bu NI SNOILVHINAONOD TIV

ANOLSAWIO NI ANAOYDADVE FA0GY
SNOTIIVHINIONOD INANLILSNOD TVYIIW IVIOL

81108 UNOd NOILVHOdVAd dYI108

01-94 atqeL

B ] e o ¢ e e A e




i

vc:ogmemmav>on<

{ san)eA’ jo 3bwuaay

*(anjea punoubyoeq isaybiy ’

¢1-4

0 Sy

0 S%

959 vE S?
anjeA ., punoJbyoeg aaoqy $1\NsS3IY
WL Xep 40 JIquUNK

PUNOJBYORE SP33IAI IN|BA WNWIXEW Y3 UIYM pajloday

O94/9H NI SNOILWILNIONOD TIV
ANOLSAVIO NI ANNOYDADVE HAOHV
SNOILVYINIONOD INIALILSNOD DINVODUONI
81108 ANOd NOIILWIOdVAd ¥VIO0S

11-4 °198L

$1|NSaY JO JaUNN

A

18AJ23UL 25UBJI0) OU 3J3YM,) S)BAJDIU] 3DURIIIOL 46| UO PIseq sSanjaa Uc:ogmxumm
*(papn)oxd S| co_vmv_~m> Bulinp paidafal eiep) elep aqelleae j|e uo paseq dbesaay pue ‘WwiXeN 1S3y

"1l Uo1122313a-N

l
i
I
i

«00°§ IpLIns
y1°0l ! nd
«00°2 N se oy_Lu_a.oumgu_z
INIBA . a3Aeuy
punoJbxaeg !



t1-4

("pasn si anjeAa punosbyoeq 31saybiy ..a>._3c._ 80ULJI0) OU 3I3YRM) “S|BAJIBIUJ IDURJIA\OL Q6| UO Paseq sanieA punolbxdeg {
: : ‘elep 3Qe)leAe (| U0 pIseq a6BJIAY pUe ‘WNWIXRK ‘WNWIUINW :S3ION
ATIALIOY 31QR103130 WWIUIK-Y(Hy

i ¥09°1 gZz unipey

0
| 0 ! M} 9¢2 unipey
i €l £°2 6 € ~82°0 fungygy
w .0 ! «00°0 €1 unisay
; 66070 91°0 9 2y 100°0 192 unidlJawy
M €L°0 £1°0 4 €Y «l0°0 0%2 ‘6§2 wntuoinyd
m $6°0 1L 2 £y ¥0L°0 06 ‘68 whliuons
; 91 L7 ‘9 £y «09°1 g€ wntueln
‘ 0 l «0£°0 Sg2 untueun
| 871 8l L €Yy YA 952 'ggd wotuesn
j ‘0 €Y «00°2¢ €194 $5049

0 £y «00°9% eyd)v ssou
| punoJlbyoeg aaoqy anjep _"xkao._uxuom IAoqy $31\1NSay anjep ! 3k euy
wmo::; 40 obelaay wnw i Xew $31NS3Y J0 Jaqunp 40 JOQuUINN punoJByoeg

!
[
| punoJIBYJBg SPIVFDXI INJEA UNWIXEW IY) U3yYM pajuoday

(unt3733 J03 1w/10d) wWH/10d NI SNOILVAINIDNOD TIV
dNOLBAXY'ID NI dANAOYDAONHA JAOAY
SNOILVHINIONOD XHLSIHIHOOIAWY 'IVLOL
81108 onm NOILVYIOdVAd dY108

21-9 @1qsy,

bk gy PP [p— - - - P o st nily, it d PR Fry e T— o



Table B-13

Inorganics and Radionuclides Eliminated as Site
Contaminants Based on a Comparison with

Background
Analyte Reason(s) for Elimination
Inorganics
Aluminum - less than 10 percent of the
samples for any soil type were
above background-:

- average of values above back-
ground were close to background
value

Antimony - only one sample in one soil type
' o "~ ~was above background A
Cesium - not detected above background
in any soil type
Cobalt - less than six percent of the
samples for any soil type were
above background

- average of values above back-
ground were close to background
value

Copper - above background in only one
soil type

- average of values above back-
ground were close to background
value

Magnesium — less than seven percent of the

samples for any soil type were
above background

- average of values above back-
ground were close to background
value

0150L
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Table B-13

(continued)

Analyte

Reason(s) for Elimination

Inorganics

Manganese

Molybdenum

Silver

Tin

Zinc

Radionuclides

Cesium

Radium 226

Radium 228

Uranium 235

less than eight percent of the
samples for the alluvium, none
of the colluvium samples, and
0.3 percent of the claystone
samples were above background
average of values above back-
ground in alluvium, colluvium,
and sandstone were close to
background value

not detected above background
in any soil type

not detected above béckgfdﬁnd””

“in any soil type

not detected above background
in any soil type

less than 10 percent of the
samples for any soil type were
above background

average of values above Dback-
ground were close to background
value

not detected above background
in any soil type

not detected above background
in any soil type

not detected above background
in any soil type

average of values above back-
ground very close to background
value

0150L




Table B-14

Inorganics and Radionuclides Considered
to be Above Backgroundl

Inorganics Radionuclides
Arsenic Americium 241
Barium (B) Plutonium 239, 240
Beryllium (B) Strontium 89, 90 (B)
Cadmium Tritium
Calcium Uranium 233, 234
Chromium Uranium 238
Iron (B)
Lead (B)
Lithium
Mercury (B)
Nickel

- Nitrate-

Potassium (B)
Selenium (B)
Sodium (B)
Strontium (B)
Thallium (B)
Vanadium

1 Substance is considered to be above background in one oOr
more soil types.
(B) = Borderline. The sampling data do not clearly indicate
if the chemical is present above or below background.
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_APPENDIX C

MEMORANDUM TO ROCKWELL INTERNATIONAL
CONCERNING APPROACH TO DERIVING
TOXICITY VALUES (HEALTH CRITERIA)




MEMORANDUM
August 11, 1989
TO: Laura Frick

FROM: Charles Dobroski
Robert Warwick

RE: Task $#7: Health Criteria for Rocky Flats Solar
Pond TCL Project

Please find attached:
e} A table summarizing available health criteria endpoints for

the contaminants of concern. The criteria are taken from
‘the Health Effects Assessment . Summary Tables, -2nd Quarter,

FY 1989, U.S. EPA, OSWER (0S-230), ORD (RD-689), OERR
--9200.6-303-(89-2), April, 1989. This table also notes those
chemicals for which there are no criteria currently

available in the HEA Summary Table.

o A table of health criteria endpoints for the radionuclides
that was prepared by Don Dunning.

The approaches that will be employed to derive health-based
criteria endpoints for the chemicals for which they are not
currently available are outlined below:.

Cancer Potency Factors

o If no current potency factor 1is available for a specific
exposure route, older factors developed for the same route
will be re-evaluated. ’

o If a potency factor is available for only one exposure
route, oral or inhalation, the potency factor will be used
for both exposure routes if the toxic effects through both
routes are the same.

o Because there are no dermal potency factors, the more
conservative of the oral or inhalation factors will be used
for the dermal route.



S —

[ —
i

-

Reference Doses (RfD)

o) Inhalation

(o}

The threshold limit value (TLV-TWA;, ACGIH) for the
chemical will be wused as the basis for the RfD. If
there is also an older inhalation RfD, it will be
re-evaluated and the more conservative factor will be
used.

of the oral or inhalation factors will be used.

o If there is only an older factor, it will be
re-evaluated.
o If no TLV or older factor is available:

o Organic chemjcals. The oral RfD will be used,
since it is 1likely these compounds will be
systemically absorbed following inhalation. - e

o} Inorganic Chemicals. " The ~oral RfD  will be used
only if the toxic effects by both the oral and the
inhalation exposure routes are the same.

o] QOral
o) Both Organic and Inorganic Chemicals.

o An RfD on which the lifetime health advisory for
drinking water (U.S. EPA) 1is based will be used
if available.

o 0l1d oral RfDs will be re-evaluated if the health
advisory is not available.

o) Other health-based water gquality criteria (e.g..
adjusted acceptable daily intake) will be used to
derive an REfD. :

o An inhalaticn RfD will be wusad, 1if systemic
effects are the basis for the criterion.

e} Dermal
o Because there are no dermal RfDs, the more conservative

——_.Note: . .If.no criteria-——are available-from—which to-derive ~RfDs,
the original literature will be searched for suitable data on
which to base an RfD. The RfD will be derived according te U.S.

EPA guidelines.

C-3
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Footnotes

[Table 1: Available Toxicological Endpoints for Nonradiocactive
Chemicals; Rocky Flats Solar Pond TCL Project]

(a)

(b)

{c)

(d)

e

(£f)

NA

ND

Verified on IRIS (Integrated Risk Information System, U.S.
EPA)

Based upon route to route extrapolation

There is 1inadequate evidence for carcinogenicity of this
compound by the oral route.

Incorporates an absorption factor of 0.4. 1.3E-01
(mg/kg/day)-1 as administered and 5.2E-02 (rg/kg/day)-1 as
absorbed: dose

A new unit risk of 1.7E-06 (ug/m3)-1 has been proposed in
the Addendum to the HAD (U.S. EPA, 1987) and adopted in the
update HEA (U.S. EPA, 1988)

Based on metabolized dose

Not applicable

Not determined
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~_ APPENDIX D

ADDITIONAL APPROACHES TO CALCULATING REFERENCE DOSES
FOR SELECTED SITE CONTAMINANTS

Oral and /or inhalation reference doses (RfDs) were not avail-
able for some site contaminants. In Subsection 4.2 an approach
to calculating inhalation RfDs from a threshold limit value-
time weighted average (TLV-TWA) was described. In this appen-
dix, additional approaches that were used to derive RfDs for

site contaminants are presented.

Oral reference doses (RfDs) were derived for nine of the site
contaminants. Several of the RfDs were derived from drinking

water or- other available toxicity-based values. —The remainder-

were derived from toxicity data, using guidelines developed by - -

the U.S. EPA (EPA, 1989d). These guidelines involve the appli-
cation of uncertainty factors and a modifying factor to a NOAEL
(no-observed-adverse—effect level) or a LOAEL (lowest-observed-
adverse-effect level) selected from the scientific literature.
Standard uncertainty factors of 10 each are applied for the
following: +to account for variation in the general population
(i.e., to protect sensitive populations), when extrapolating
from animal data, when using data from a subchronic study, and
when using a LOAEL. A modifying factor ranging from greater
than zero to ten is included as a reflection of a professional
judgment of additional uncertainty in the database.

An inhalation RfD was also derived for one of the nine contam-—
inants (i.e., lithium) based on toxicity information, using the
TLV-TWA approach described in Subsection 4.2.

0150L



~D.1 Ilnorganics

Iron

An oral RfD for iron was calculated based on information indi-
cating that toxic effects due to iron ingestion (i.e., mild
gastrointestinal irritation) may be evidenced 1in humans at
doses of 30 to 50 mg/kg (Goldfrank et al., 1986). Assuming
that 30 mg/ kg represents the LOAEL, incorporating an uncer-
tainty factor of 10 for extrapolating from a LOAEL to a NOAEL
and applying a modifying factor of 1, an RfD of 3.0E+00 mg/kg/
day was derived.

Lead

; In 1985, EPA proposed a maximum contaminant level goal (MCLG)
- for lead of 20 ug/l. An MCLG is a nonenforceable health goal

for public drinking -water supplies.” The proposed MCLG was

based on blood levels in infants of 15 to 20 ug/dl representing
levels of concern and assumed 100 percent exposure was from
drinking water. However, EPA has more recently proposed an
MCLG of zero and an MCL of 5-10 ug/l (EPA, 1988). An MCL 1is an
enforceable standard for public drinking water supplies. The
most conservative proposed MCL (i.e., 5 ug/l) was used to de-
rive the oral RfD for lead. Assuming the consumption of two
liters of water/day and a body weight of 70 kg (EPA, 1989d), an
oral RfD of 1.4E-04 mg/kg/day was calculated for lead.

Lithium

Lithium (as lithium carbonate) is used for maintenance therapy
of acute mania at doses of approximately 1200-1800 mg/day
(equivalent to approximately 169 to 226 mg/day of lithium ion
(Jefferson et al., 1983). 2An oral RfD was calculated for lith-
ium based on the lowest maintenance dose (i.e., 169 mg/day).

D-2
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assuming a body weight of 70 kg (EPA, 1989d)._ Because adverse . _._

dermatological reactions (i.e., rashes) have been associated
with theraputic dosages in some individuals (Clayton and Clay-
ton, 1981), an uncertainty factor of 10 was applied to arrive

-at a NOAEL. An additional uncertainty factor of 10 was used to

account for human variation. Based on these assumptions, an
oral RfD of 2.4E-02 mg/kg/day was derived for lithium.

Lithium hydride was the only form of lithium for which inhala-
tion toxicity data were available. Lithium hydride is intensely
irritating and corrosive to the skin and mucus membranes and its
TLV-TWA of 0.025 mg/m° (ACGIH, 1989) is based on its irritant
properties. However, concentrations ranging from 0.025.to 0.10
mg/m3, which have been associated with a tickling sensation
in the noée“and a mild nasal discharge, have been reported to
be tolerated by workers who are continuously exposed (Clayton
and Clayton, 1981). R - ' T

Lithium was previously disposed of in the solar ponds as lithium
chloride and lithium metal (DOE, 1987) Lithium would not be
expected to be present as the hydride on site and there has been
no evidence of industrial health hazards being associated with
the inhalation of other forms of lithium (Clayton and Clayton,
1981). Therefore, the use of the TLV-TWA for 1lithium hydride to
derive an inhalation RfD on which to base a clean-up level for
lithium will be expected to be overly conservative. In the ab-
sence of inhalation data for other forms for lithium, however,
the upper 1limit of the tolerated range for 1lithium hydride
(i.e., 0.10 mg/m3) was assumed to be an acceptable exposure
level for workers for other forms of lithium. Substituting
this value as the "TLV-TWA" in the equation presented in Sec-
tion 4.0, Table 4-4, an inhalation RfD of 1.0E-04 mg/kg/day was
derived for lithium for the general public.

0150L



~.Sulfate_ ..

The current maximum contaminant level (MCL) for sulfate was used
to develop an oral RfD. The MCL of 250 mg/l for sulfate is
based on its laxative effects (EPA, 1977). Assuming the con-
sumption of 2 liters of water per day, and a body weight of 70
kg (EPA, 1989d), an oral RfD of 7.1E+00 mg/kg/day was derived

for sulfate.
Strontium

An oral RfD for strontium was developed based on a 90-day feed-
ing study in rats in which 300 ppm of strontium hexahydrate in
the diet was tentatively (see below) identified as a NOAEL
(Kroes et al., 1977). The dietary concentration was converted
to a daily intake of strontium of 7.88 mg/kg/day, by assuming

~that a rat consumes 20 grams of food/day and weighs 250 grams, =
“and by 'taking into account the percentage of strontium in

strontium hexahydrate (i.e., 32.86 percent). The body weight
and food intake were those used by the National Research Coun-
cil in deriving a 7-day drinking water standard for strontium
based on the Kroes et al. study (NRC, 1982). Uncertainty fac-
tors of 10 each were applied for using data from a subchronic
study, for extrapolating from animal data, and for human vari-
ation. Because the investigators questioned whether the accum-
ulation of strontium in the bone which was seen at 300 ppm rep-
resented an adverse effect, a modifying factor of 5 was also
incorporated into the derivation of the oral RfD. Based on
these considerations, an oral RfD of 1.6E-03 mg/kg/day was
derived for strontium.

Uranium

Kidney toxicity is the primary noncarcinogenic toxic effect of
excessive exposure to wuranium. The NOAEL for kidney toxicity,

D-4
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_based. on long-term animal studies, .is reported to range from . .. .

0.1 to 1.0 mg/kg/day (as uranyl nitrate) (EPA, 1985a). An oral
RfD was derived for uranium from the lower limit of the NOAEL
range (i.e., 0.1 mg/kg/day), adjusting for the percentage of
uranium in uranyl nitrate (60.4 percent). Applying uncertainty
factors of 10 each for extrapolating from animal data and for
human variation, an oral RfD of 6.0E-04 mg/kg/day was derived.

D.2 Organics

1,2 Dichloroethane

For 1,2-dichloroethane, an adjusted acceptable daily intake
(AADI) of 0.260 mg/l was used as the basis for the oral refer-
ence dose. The AADI was derived from a NOAEL reported in an
g8-month inhalation study on a variety of animals, in which
changes'ih'thé'liver} lungs, kidney, adrenals, and heart were
‘the toxic endpoints (EPA, 1984b). Assuming the ingestion of 2
liters of water per day and a body weight of 70 kg (EPA, 1989d),
an oral RfD of 7.4E-03 mg/kg/day was calculated.

Naphthalene

The oral RfD for naphthalene (4.1E-03 mg/kg/day) adjusted by a
modifying factor of 100 to give an oral RfD of 4.1E-05
mg/kg/day, was used for the PAHs (total). Naphthalene 1s the
only PAH for which an oral reference dose has been developed by
EPA (EPA, 1989a). Because the structure of naphthalene differs
substan— tially from many of the PAHs, its toxicity may also be
substan- tially different. Therefore, a conservative modifying

factor cf 100 was used.

0150L



Vinvl Chloride

An oral RfD of 1.3E-03 mg/kg/day was developed for vinyl chlor-
ide based on a NOAEL of 0.13 mg/kg/day reported in a lifetime
study in rats in which decreased survival and hepatotoxicity
were the most sensitive toxic endpoints (ATSDR, 1988b). Uncer-
tainty factors of 10 each were incorporated to account for ex-
trapolation from animal data and for human variation. A modi-
fying factor of 1 was used.

0150L



__APPENDIX E

APPROACHES TO DER!VING MODELS FOR DETERMINING RISK-BASED
SOIL CONCENTRATIONS FOR INDIVIDUAL EXPOSURE ROUTES

All of the equations used in the derivaton of models for deter-
mining soil clean-up levels are in accord with current U.S. EPA
guidance for performing human health exposure and risk assess-
ments (EPA, 1985b, 1987b, 1989d).

E.1 Models Based on Carcinogenic Risk

The algorithms for determining soil concentrations for carcino-
genic site contaminants based on carcinogenic risk were derived

~“for each exposure route (with the exceptions of the inhalation

of ~airborne contaminated -soil and the inhalation-of vapors)
from two egquations, one for calculating lifetime carcinogenic
risk, and the other for determining estimated daily intakes
(EPA, 1989d). It was assumed in the derivation that individ-
uals are continuously exposed to contaminants over a 70-year
lifetime.

The general equation that is used to calculate carcinogenic risk
is the same for each exposure route:

(E-1) Carcinogenic Estimated Carcinogenic
Risk = Daily Intake X Potency
(mg/kg/day) Factor

(mq/kg/day)“1

The equation for determining estimated daily intake varies for
each exposure route, depending on the applicable exposure fac-
tors. However, for all of the routes, the intakes (as ex-

E-1
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~pressed in mg (contaminant)/kg(body weight)/day) are directly

roportional to the so0il concentration and inversely propor-
tional to body weight.

The general equation that is used to calculate estimated daily
intake is as follows:

(E-2) Estimated Contaminant Route-Specific
Daily Intake = Concentration X Exposure
(mg/kg/day) in Soil Factors

(mg/kg) (kg/day)’

Body Weight
(kg)

‘By substituting equation (E-2) in-equation (E-1) -and solving for -

“Contaminant Concentration in Soil," the following -general --
equation was derived for determining soil concentrations based
on carcinogenic risk:

(E-3) Contaminant Carcinogenic Risk x  Body Weight
Concentration = (kq)
in soil Route-Specific Carcinogenic
(mg/kqg) Exposure Factors X Potency Factor
(kg/day) (mg/kg/day) "t

The route-specific exposure factors (including unit conversion
factors) that were used to derive the final equation for each
applicable exposure route are presented in Table E-~1. The final
equations for soil concentrations based on carcinogenic risk
are presented in the text in Tables 5-1, 5-3, and 5-5 for the
incidental soil ingestion, vegetable ingestion, and dermal con-
tact with soil exposure routes, respectively.

i Net unit based on all route-specific exposure factors com-—

bined
E-2
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e Table E=1 e

Route-Specific Exposure Factors/Unit Conversion Factors

Incidental Scil Ingestion

L] Soil ingestion rate (mg/day).
. Number of weeks exposed per year (weeks/year).
U] Conversion factors (10_6 kg/mg; 1 year/52 weeks).

(Root) Vegetable Ingestion

. Root vegetable ingestion rate (g/day).

e  Fraction of vegetables that are home-grown (unitless).
. Root uptake factor (unitless). ST

. Conversion factor (107° kg/9).

Dermal Contact with Soil

. Exposed skin surface area (cmz/day).

° Skin adherence factor (unitless).

° Dermal absorption factor (unitless).

. Number of weeks exposed per year (weeks/year).

L] Unit conversion factors (10_6 kg/mg; 1 year/52 weeks).

0150L
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The approach to deriving the soil concentration equations for

‘the inhalation of airborne contaminated soil and the inhalation
of vapors exposure routes was also based on two equations, one
for calculating 1lifetime carcinogenic risk (EPA, 1989d), the
other for determining the concentration of a contaminant in air
based on fugitive dust emissions (EPA, 1985b) or vapor emis-—
sions (EPA, 1987b).

(E-4) Carcinogenic Air Concentration Inhalation
Risk = of Contaminant Unit Risk
(ug/m3) X Factor
(ug/m>) !
(E-5) Air Concentration Contaminant Dust
- 0of Contaminant = Concentration Generation/Vapor
(ug/mB) in Soil X Generation
—A(mg/kg) e - Factors

(ug/m3 X kg/mg)1 -

The dust generation factors are based on the Industrial Source
Complex Long Term (ISCLT) model developed by the U.S. EPA (EPA,
1985b) . The vapor geineration factors are based on a land
treatment emission model (EPA, 1987b). The factors that were
included in the ISCLT and land treatment emission models are

presented in Tables E-2 and E-3, respectively.

By substituting equation (E-5) in equation (E-4) and solving for
“"Contaminant Concentration in Soil," the following equation was
derived for determining soil concentrations based on carcino-
genic risk through the inhalation of contaminated soil and in-

halation of vapors exposure routes:

Net units based on all dust generation/vapor emission

__factors and unit risk factors. combined . o oo e e e

E-4
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Table E-2

Dust Generation Factors Used in the Soil Concentration Models
for the Inhalation of Contaminated Soil Exposure Route

Fl =

PM10 =
Emission
Factor

Surface =
Area

Climatic =
Region Factor

Unit Conversion
~"Factors™- o

- Model based
on carc1nogenlc
risk

- Model based
on noncarcin-
ogenic risk

Unscaled concentration due to a unit erosion
rate (ug/m3)/(g/sec)

Annual average PMjg emission rate per unit
of contaminated surface (mg/m2/hr)

Area of contaminated soil (m2)

Region-specific factor (1l/unitless factor)

= 10-3 g/mg; 106 kg/mg; 1 hr/3,600
sec

= 10-3 g/mg; 10~6 kg/mg; 10~3 mg/ug;
1 hr/3,600 sec
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Table E-3

Vapor Generation Factors Used in the Soil
Concentration Models for the Inhalation of Vapors

Exposure Route

Psoil =

Surface =
Area

~Unit Conversion

Factors

- Model based
on carcinogenic
risk :

~ Model based
on noncarcin-
ogenic risk

Density of the soil (g/cm3)

Area of contaminated soil (m2)

Fraction of the contaminant released to the
air during 70 years (unitless)

Depth of contaminated soil (cm)

Contaminant concentration 1in air/emissions
rate (ug/m3/(g/sec)

Time after waste 1is .applied to the. soil .
(sec™1)

= 104 cm2/m2; 10-6 (g/9)/(mg/kqg)

= 104 cm?2/m2; 1076 (g/g)/(mg/kg);
1073 mg/ug
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_ (E-6) _ Contaminant = Carcinogenic Risk _
Concentration =
in Soil Dust Generation/ Inhalation
(mg/kq) Vapor Generation x  Unit Risk
Factors Factor
(ug/m3 X kg/mg) (ug/m3)-1

The final equations, including all dust/vapor generation fac-—
tors are presented in the text in Tables 5-7 (inhalation of
contaminated soil) and Table 5-10 (inhalation of wvapors).

E.2 Models Based on Noncarcinogenic Risk

The models for determining soil concentrations for all of the

site contaminants based on noncarcinogenic risk were also de-

rived for each exposure route (with the exceptions of the inha-

lation of airborne contaminated soil "and the ‘inhalation of va-

pors) from two general equations, one for calculating the haz-

ard quotient, and the other for determining estimated daily in-
take. The equation for calculating the hazard quotient is the

same for each exposure route (EPA, 19894):

(E-7) Hazard = Estimated Daily Intake
Quotient (mg/kg/day)

Reference Dose
(mg/kg/day)

The equation for determining estimated daily intake is the same

as that presented in Subsection E.1, equation (E-2).

The models for determining soil concentrations based on noncar-

cinogenic risk were derived by substituting

S e e L e e e e rn e i e s et e o “E_,'7 UM P P S
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_equation (E-7) and solving for “Contaminant Concentration in =

Soil." This yields the general equation:
(E-8) Contaminant Hazard . Reference Body
Concentration = Quotient Dose Weight
in Soil (mg/kg/day) (kg)
(mg/kg) Route-Specific Exposure Factors
(kg/day)1

The route-specific exposure factors are presented in Table E-1.
The final equations are presented in the text in Tables 5-14,
5-16 and 5-19 for the incidental soil ingestion, vegetable in-
gestion, and dermal contact with soil exposure routes, respec-—
tively.

For the inhalation of contaminated soil and inhalation of va-
pors -exposure-routes, the model for determining soil concentra-
-tions. based on noncarcinogenic -risk- was derived -from. three
equations, one for determining the hazard gquotient, one for de-
termining the estimated daily intake, and one for determining
the contaminant concentration in air based on fugitive dust/va-

por emissions:

(E-9) Estimated Daily Intake
Hazerd (mg/kg/day)
Quotient =

Reference Dose
(mg/kg/day)

1 Net unit based on all route-specific exposure factors com-
bined.

E-8
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(E-10) Estimated Daily Air Inhalation

Intake = (Concentration X Rate
(mg/kg/day) . of Contaminant (m3/day)
(mg/m3)

Body Weight

(kg)
(E-11) Air Concentration Contaminant Dust/Vapor
of Contaminant = (Concentration X Generation
(mg/m3) in Soil Factors
(mg/kg) (kg/m3)l

By substituting equation (E-11) in (E-10) then substituting
equation (E-10) in equation (E-9) and solving for "Contaminant
Concentration in Soil", the following equation was obtained:

(E-12) Contaminant Reference Dose Hazard Body Weight
Concentration = (mg/kg/day) X Quotient X (kg)
in Soil
(mg/kqg) Inhalation Rate Dust/Vapor Generation
(m3/day) X Factors
(kg/m>)

The dust and vapor generation factors are presented in Tables
E-2 amd E-3, respectively. The final equations, including the
dust/vapor generation factors are presented in the text in
Table 5-20 (inhalation of contaminated soil) and Table 5-22
(inhalation of vapors), respeétively.

1 Net units based on all dust generation factors and unit

E-9

0150L
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e APPEND X B

APPROACHES TO DETERMINING ROOT UPTAKE
FACTORS FOR ROOT VEGETABLES

This appendix presents a discussion of the approaches used in
estimating root uptake factors (RUFs) for root vegetables. The
root uptake factor is defined as follows:

Croot
RUF =
Csoil
where,
Crobt = Chemical concentration in the root i
Csoil = Chemical concentration in the soil

F.1 Organics

An equation for estimating RUFs for organics was derived using
separate equations which related the concentration of a chemical

in roots (C ) to the chemical concentration 1in water

(cwater
ical concentration in soil (C

root
) and the chemical concentration in water to the chem-

soil)'

root root Cwater
(F-1) RUF = = X

soil water soil

0150L



_The ratio_ of C

Croot O CwateI"‘haSthﬁenw,deflned _as_the root

concentration factor (RCF) (Briggs et al., 1982). The ratio of
C to C

water soil
partition model:

is expressed by the following water/soil

Cwater 1
Csoil Koc x foc
where,
Koc = Organic carbon partition coefficient for the chemical.
oc = Fraction of organic carbon in the soil.

Sup;tltgt;ng RCE" and eguation (H-2) for Croot’Cwater and
Cwater/csoil’ respectively, in equation (F-1), the “fol-
“lowing equation was “derived for estimating RUFs -for organic -

chemicals.
RCF
(F-3) RUF =
K x £
oc oc

RCFs were calculated using an equation developed by Briggs et
al. (1982). Briggs studied the uptake of organic chemicals from
solution by barley shoots and established the following rela-
tionship between the root concentration factor (RCF) and the
K (octanol/water partition coefficient) for the organics

ow
tested:

(F-4) log (RCF - 0.82) = 0.77 log K_ - 1.52

0150L
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The . KOC .
are presented in Table F-1. An foc of 0.025, which is typi-
cal of the types of soils found on site, was used (USDA,
1980). The RUFs that were estimated for the organic site
contaminants are presented in Table F-2.

F.2 lnorganics

The RUFs that were used for the metals were based on transfer
coefficients that were developed by Baes et al. (1984) for
tuber crops. Tubers are similar to carrots in that most tubers
grow underground and serve as food storage organs. The RUFs
for the metals are presented in Table F-2.

RUFs were not available for cyanide, sulfate, and nitrate. In
the absence of an RUF for nitrate, the transfer coefficient for
-nitrogen was used (Baes et al., 1984). - The -inorganic nitrogen-
in most arable soils. is nearly all used by plants in the form
of nitrate (Bartholomew and Clark, 1965). There was no infor-
mation in the surveyed 1literature from which root uptake
factors for sulfate or cyanide could be determined. The
transfer coefficient for sulfur was, therefore, wused for
sulfate and the highest (i.e., most conservative) transfer
coefficient that was available for an inorganic (i.e., the
transfer coefficient for chlorine) was used, by default, for
cyanide (Baes et al., 1984). The uncertainty associated with
using this approach is not known. However, because root uptake
is a function of solubility, and because the cyanide complexes
that might be found at this site are very soluble (e.g., potas-
sium cyanide with a water solubility of 5.0E+00 mg/1l), this
conservative approach was felt to be appropriate.

Because the transfer coefficients were based on dry weight
concentrations, they were adjusted for a moisture content of
88.2 percent (based on carrots) (Baes et al., 1984).

F-3
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Tabie F-1

Organic Carbon Partition Coefficients (Kges) and
Log Octanol/Water Partition Coefficients (log Kows)
for the Organic Site Contaminants

Chemical Koc 1 log Kow 1
Acetone 2.20E+00 —2.40E-01
Bis(2-ethylhexyl)phthalate 3.69E+042 4.88E+003
2—-Butanone 4.50E4+00 2.60E-01
Carbon tetrachloride 1.10E+02 2.64E+00
Chloroform 3.10E+01 1.97E+00
1,1-Dichloroethane 3.00E+01 1.79E+00
1,2-Dichloroethane 1.40E+01 1.48E+00
1,1-Dichloroethene 6.50E+01 . 1.84E+00
Ethylbenzene 1.10E+03 3.15E+00
Methylene chloride 8.80E+00 1.30E+00
_ PAHs (as benzo(a)pyrene) _5.50E+06  6.06E+00
Tetrachloroethene 3.64E+02 2.60E+00
Toluene e -3, 00E+02-- -2.73E+00
1,1,1-Trichloroethane 1.52E+02 2.50E+00
1,1,2-Trichloroethane 5.60E+01 2.47E+00
Trichloroethene 1.26E+02 2.38E+00
Vinyl chloride 5.70E+01 1.38E+00

lynless otherwise indicated the source of the value is EPA,
1986¢c.

2Estimated using the following equation: log Kgog = 0.937
log Koy — 0.006 (Lyman et al., 1982).

3ATSDR, 1987.



Table F-2

Root Uptake Factors (RUFs)

Chemical RUF

Organics

Acetone 1.53E+01
Bis(2-ethylhexyl)phthalate 1.88E~01
2-Butanone 7.71E+00
Carbon tetrachloride 1.48E+00
Chloroform 2.34E+00
1,1-Dichloroethane 2.06E+00
1,2-Dichloroethane 3.53E+00
1,1-Dichloroethene 9.90E-01
Ethylbenzene 3.22E-01
Methylene chloride 5.10E+00
PAHs (as benzo(a)pyrene) 1.02E-02
 Tetrachloroethene 4.,24E-01
Toluene ; 6.19E-01
-1,1,1-Trichloroethane 8.84E-01
1,1,1-Trichloroethane 2.31E+00
Trichloroethene 9.12E-01
Vinyl chloride 8.20E~-01
Inorganics

Arsenic 7.08E-04
Barium 1.77E-03
Beryllium 1.77E-04
Cadmium 1.77E-02
Chromium 5.31E-04
Cyanide 8.26E+001
Iron 1.18E-04
Lead 1.06E~03
Lithium 4,.72E~-04
Mercury 2.36E~-02
Nickel 7.08E~-03
Nitrate-Nitrite (as nitrogen) 3.54E+00
Selenium 2.95E-03
Strontium 2.95E-02
Sulfate (as sulfur) 1.77E-01
Thallium 4,72E-05
Uranium 4.72E-04
Vanadium 3.54E~04

—~1The root-uptake factor-for chlorine-was

Subsection F.2)
F-5
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APPENDIX G

METHODOLOGY USED TO DETERMINE THE PM10 EMISSION FACTOR

‘The PM. 0 emission factor is one of the input parameters that

is used in determining soil concentrations based on the inhala-
tion of contaminated soils (see text, Tables 5-7 and 5-20).
The term PM. 4 refers to airborne particles of respirable size
(1.e., particles of 10 um or less in aerodynamic diameter). The
PM10 emission factor is the annual average PMlO emission
rate per unit area of contaminated surface. The PM10 emis-
sion factor was calculated according to U.S. EPA guidance (EPA,

1985b) using the following equation:

(G-1) PM. g Emission Factor =

~(mg/m/hr)
0.83 (1-Fraction of Site) x Erosion x Frequency
(Covered with Vegetation) Potential of Disturbance

(g/mz) per Month

(Precipitaticn Evaporation Index/SO)2

The value of 0.83 is an empirical number that has been deter-
mined from data from field measurements. The fraction of the
site covered with vegetation was assumed to be 0.25. Because
the evaluation 1s based on a residential housing development
scenario, this assumption is 1likely to be conservative. In a
suburban residential setting, most of the soil (i.e., greater
than 0.25) would be expected to be covered by buildings, vege-
tation, or paving, minimizing the potential for dust generation.
The frequency of disturbance is assumed to be 30 times per
month. The precipitation evaporation (P-E) index is a value
that has been calculated by the U.S. EPA for specific regions

of the country for use in equation G-1. The P-E index for the . _ .

Denver area is 38 (EPA, 1985b).
G-1

0150L
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__The erosion potential, the quantity of erodible particles (of a

given size) that is present on the surface prior to the onset of
wind erosion, was calculated using equation (G-2).

(G-2) Erosion = 6.7 (Fastest Mile Between -~ Threshold Velocity)

Potential Disturbances (m/s)
(g/mz) (m/s)

In the absence of site-specific observed fastest mille data
(Busby, 1990), a probable value of the mean annual fastest mile
for the Denver area (22 m/s) was used (EPA, 1985Db). The
threshold velocity was calculated using equation (G-3).

(G-3) Threshold Ratio of the Wind Wind Erosion
“Velocity -~ = Speed at 7 m Height x Threshold Friction
~at 7 m Height ~ to the Friction - - Velocity (cm/s)

(m/s) Velocity '
100 (cm/m)

A conservative wind erosion threshold friction velocity of 25
cm/s was assumed based on a particle size distribution mode of
100 um, the maximum in the EPA reference (EPA, 1985b). The
ratio of the wind speed to the friction velocity was calculated
using equation (G-4).

7 (m)
(G-4) Ratio of the Wind 1 ln roughness height
Speed at 7 m Height to = 0.4 (m)

the Friction Velocilty

A roughness height of 5 cm was used based on a suburban resi-

-dential--dwelling—-(EPA, 198 I B e e o S e

G-2
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Using the equations .and input factorsMthatwhavewbeenmpmesentgdmemﬁmm_MH
in this appendix, a PM10 emission factor of 4,097 mg/m™~/

hour was calculated.

[T

I—
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APPENDIX H

METHODOLOGY USED TO DETERMINE
THE FRACTION OF CONTAMINANT RELEASED
TO THE AIR THROUGH VOLATILIZATION (Fa)

This appendix presents the approcach that was to determine Fa’
the fraction of contaminant released to the air after 70 years.
Fg is an input parameter in the models that are used to de-
termine soil concentrations based on the inhalation of vapors

(see text, Tables 5-7 and 5-10).

The method for calculating Fa for a specific compound 1is de-
pendent on the product of the modified volatilization constant
(Kd) and the time constant for biological decay (tb).

If Kdtb >.0.62, then

0.811 Kdtb

(H-1) F_ = + 0.1878;
(K + 1)

atb

If Kdtb < 0.62, then

- - 2,1/2
(H-2) F o= (Kquetb/l )
where Keg is the equilibrium coefficient, and 1 1is the depth

of contaminated soil.

The time constant for biological decay (tb) is dependent on

the biorate (B), the time required for the compound to degrade:
4.83 x 10/

(H-3) t,., =

0150L
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The biorate (B) is compound specific. Biorate 7va1ugshﬂwgygm -
obtained from the U.S. EPA (EPA, 1987b).

The modified wvolatilization constant (Kd) is based on the
volatilization constant:

(3.14)2
(H-4) K, = K

The volatilization constant (KV) reflects the rate at which
the compound evaporates into the air. It 1s calculated from
the equilibrium coefficient (Keq) and the effective diffusion
coefficient (De) of the compound in the soil, and from the
depth of soil contaminated (1):

AKeq Dy
(H-5) K =

l2

D, and Keq were calculated from equations (H-6) and (H-7),
respectively. The depth of soil contamination was assumed to

be 121 cm.

The effective diffusion coefficient (De), which 1s dependent
on the compound diffusing within air pockets in the soil, was
calculated based on the diffusion coefficient in air (D),
the soil air-filled porosity (E_ ), and the soil total
porosity of waste (ET).

g 10/3
(H_6> De = Da a
2

Er

In the absence of site-specific data or data from which to
calculate site-specific wvalues, default values given ip the

H-2
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model were used for the soil air—filledhpggg§3gyusgazw§§§m§§g

'ébiiw£6£éiwﬁorosify of waste }ET). Values of 50 percent and

60.7 percent were assumed for Ea and ET, respectively (EPA,
1987b) .

The equilibrium coefficient (Keq) was calculated based on the
vapor pressure of the compound (P*), the molecular weight of
the oil (Mwoil)’
of the vapor in soil (T), the organic waste loading in soil

the 1ideal gas constant (R), the temperature
(L), and the soil air-filled porosity (Ea).

P* x MW

_atm.
(H-7) Keq =

RT L

oi1 ¥ Ea

The vapor pressure (P*) for each compound was obtained from the

U.S. EPA (EPA, 1987b). In the absence of site-specific data or

"data from which to calculate site-specific values, default val- =
ues given in the model were used for the molecular weight of

the o0il (Mwoil)’
temperature of the vapor in soil (T). Values of 282, 50
o, E_, and T,

0il a 3

respectively. The ideal gas constant is 82.1 (atm x cm™)/(g

the soil air-filled porosity (Ea), and the
percent, and 298°K were used for MW
mol x deg K).

The organic waste loading in the soil (L) was calculated based
on the total waste applied to the land (W), the fraction by
weight of the applied waste that 1s organic (foil>’ the area

of soll contamination (A), and the depth of contamination (1)

W ox foil

A x 10,000 cmz/m2 x 1

In the absence of site-specific data or data from which to cal-
orreulate aTvsite~specific Twvalue, T default  value ot 1,800,000 g T
was used for the total waste applied to the land (W). The area

H-3
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~ of so0il contamination (A) and the depth of contamination (1)

were estimated to be 25,086 m2 and 121 cm, respectively.
Based on the types of organic compounds that were reported in
site-related media, the assumptions were made that the type of
waste is oily and the fraction by weight of the applied waste
that 1s organic (foil) is 0.75.

The Fa for each of the contaminants that were evaluated for
the inhalation of vapors exposure route and the compound-spe-
cific variables that were used to calculate Fa’ are presented
in Table H-1.
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